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Abstract

This document contains the bid from the UK Particle Physics Community to PPARC for £23.1m to develop a Production Grid for Particle Physics research. We propose a three year co-development programme with the LHC Computing Grid, EGEE, the Particle Physics experiments and the Institutes. The GridPP2 project, a continuation of GridPP, will deliver a full-scale production Grid to meet application requirements across the Particle Physics programme. The full deployment of Grid technology will make efficient use of resources to enable the UK to capitalise on investment in the LHC to meet the unprecedented challenges of LHC computing and enhance the discovery potential of UK physicists.
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1. Executive Summary

This proposal, submitted in response to the 2003 e-Science call from PPARC, aims to deploy a full-scale production Grid in the UK for Particle Physics. The success of the current GridPP collaboration in developing a prototype Grid will be built upon, and the UK’s response to the LHC computing challenge in the period September 2004 – 2007 will be to move the Grid “from prototype to production”. 

We propose to deploy a Grid as the main mechanism for delivering very large scale computational resources to the UK Particle Physics community. We believe this foundation will underpin the success, and increase the discovery potential, of UK physicists. In order to do this we will need to establish a production quality Grid of unprecedented robustness, scale and functionality. We will ensure that sufficient hardware resources become available and that applications co-develop with the infrastructure, resulting in a Grid that is both accessible and inclusive. The proposal is fully integrated with international projects and we wish to seize the opportunity to capitalise on the UK leadership already established in several areas. The Grid will be directly connected to a large-scale e-Science Grid across Europe and will inter-operate with Grids in the United States. 

The project will be managed across various domains and will incorporate:

· the UK’s input to LHC Computing Grid (LCG), a project that the UK helped initiate which will deploy the Grid Worldwide;

· middleware development in areas of recognised UK leadership;

· LHC and non-LHC application interface developments that cross experimental boundaries; 

· infrastructure at a Tier-1 and four distributed Tier-2 centres;

· operations managed by a Grid Production Team to ensure a stable and sustainable infrastructure;

· a management team and structure with a proven track record of delivery;

· dissemination of these ideas to other scientific areas and technology transfer in the middleware development area.

The project will be marked by a series of production releases, each with increasing functionality, deployed on a growing scale of distributed hardware resources. Against this, we will establish high-level metrics to determine the success of the project in terms of the delivery of thesel resources to end-users on demand.

By 2007, the UK Grid infrastructure will have expanded in size to the equivalent of 10,000 of today’s processors, with more than a PetaByte of accessible storage and we aim to make this transparently available to an inclusive user community. This will place the UK at the forefront of Grid computation and enable us to exploit the unique physics potential of the LHC.

A request is made for £23.1m for a three-year programme of the scope and functionality described within, starting in September 2004.

2. Outline

In this document, the GridPP proposal to build a production Grid is described. Individual component planning has been performed and the associated planning documents are provided as detailed background information in the Appendices.

Section 3 provides the motivation for the GridPP activities in terms of the envisaged physics of the LHC and other experiments as well as theory applications. An outline is given of the GridPP1
 programme so far and an assessment is made of the situation in September 2004 when GridPP2 is proposed to commence. The evolutionary process in going from a series of prototypes and testbeds to create the infrastructure required for Grid production is discussed. 

Section 4 quantifies the hardware resources required by the applications.

Section 5 sets out the Grid computing hierarchy and its implementation at the Tier-0, Tier-1 and Tier-2 centres including the network development required to create a production Grid. The Tier centre definitions are described in Appendix 12.12.

Section 6 shows how the experiments’ requirements will be met by the proposed Grid infrastructure.
Section 7 describes the Grid developments necessary to create the production Grid environment including interfaces to the applications.
Section 8 outlines the proposed management for the GridPP2 activities. 

Section 9 discusses dissemination and describes the proposed role of a Dissemination Officer. Technology transfer is also discussed here.

Section 10 contains the financial resource request for this proposal. This provides a breakdown of the requested funds in all areas. The requirement for exploitation of these facilities beyond September 2007 is also discussed. 

Section 11 concludes.

Appendices 12.1 to 12.11 provide links to detailed information in the planning documents.

Appendix 12.12 defines the functionality of Tier centres.
Appendix 12.13 gives the current list of external roles of GridPP members. 

Appendix 12.14 contains a list of papers and references from the current work of GridPP Collaboration members. 

At the end of this document there are letters of support from Lawrence E. Price, Chairman of the HENP Intergrid Coordination Board and Professor Malcolm Atkinson, Director of the National e-Science Centre.
3. Introduction

UK Physicists are currently preparing for data from the Large Hadron Collider (LHC) at CERN in 2007. They are also participating in a number of experiments that are already producing data. GridPP1 is a three-year £17m project that formally started on 1st September 2001. There are three main developments within GridPP1: Grid-enabled applications; Grid middleware; and provision of a large-scale computing infrastructure in the UK and CERN. The GridPP Collaboration aims to develop and deploy a large-scale science Grid in the UK for use by the Particle Physics community. 

Gordon Brown noted at the opening of the National e-Science Centre in April 2002 “In the years to come, when scientists are working with globally distributed data sets, e-Science will change the way science is undertaken in our country”. We have risen to this challenge and made significant progress. GridPP1 has already delivered in a number of areas:

1. Active software teams have been established working within internationally recognised leading-edge projects dedicated to developing a large-scale Grid within a common architecture based upon GGF (Global Grid Forum) standards, working for the benefit of all experiments. A significant middleware development programme has been developed, which has produced 300 thousand lines of code tested using EU-wide quality assurance procedures.

2. The largest Grid testbed in the UK has been created, consisting of more than 100 servers across 16 Institutes, incorporating a functional Grid job submission system. This testbed is built upon the common core software base deployed as part of the EU-wide middleware development programme. It is also linked to worldwide Grid testbeds with interoperability on this scale determined using agreed InterGrid schema for the underlying information services.
3. The basis for LHC computing has been determined via an international Grid deployment programme. This incorporates provision for a prototype UK Tier-1/A production centre that is currently meeting the computing requirements of the LHC and other international experiments. Tier-2 resources are also starting to contribute significantly to the LHC data challenges. The computing environment is not only concerned with bulk scientific data, but provides an all-embracing framework – a prototype computing environment enabling effective collaboration between widely dispersed researchers.

4. A community of more than 100 physicists with personal Grid certificates testing prototype software has been formed. First simple applications are being used to provide feedback on the suitability of the testbed for a wide range of applications. An open approach has been adopted to enable a wider community of scientists to utilise the testbed.

We have made significant progress in the last 18 months, in our combined role as developers and active early-adopter community. We have established that a prototype Grid can perform in the way envisaged and be utilised to meet the computing requirements of the experiments. We wish to build upon these foundations to establish a production Grid of significant scale in GridPP2. 

3.1 Experimental Motivation

The future of Particle Physics is dominated by the LHC that is under construction at CERN. At a centre of mass energy of 14 TeV, the LHC will be the most powerful accelerator in the world for many years if not decades to come. The general purpose experiments, ATLAS and CMS, will be the largest experiments ever built and have the potential finally to answer the fundamental question of mass in the Standard Model, either through the discovery and study of the Higgs Particle or through whatever other mechanism is responsible for breaking the symmetries involved in mass generation. The LHC will also address many other key questions in Particle Physics such as how quarks and leptons are related and whether Supersymmetric particles exist. Commitments to ATLAS and CMS dominate the current UK Particle Physics domestic budget with completion of the experiments expected in 2006/7.

The LHC also provides a unique opportunity for more specialised experiments. LHCb will take advantage of the 40 million proton-proton bunch crossings per second to record a billion b-quark events per year, allowing much more detailed studies of CP violation than will have been possible before. ALICE will take advantage of the opportunity provided by the collision of heavy ions at unprecedented energy densities to investigate the properties of a new phase of matter, the quark-gluon plasma.

Due to the enormously high energy, high luminosity and complexity of the detectors, the LHC experiments will produce unprecedented amounts of data, estimated to be several PetaBytes per year, for offline analysis by teams of physicists all over the world. To analyse this data and to generate the Monte Carlo simulated data necessary to understand it will require huge amounts of computing and data storage facilities. These computing resources will be distributed across the world, linked together as a "Grid". In order for UK physicists to take full advantage of the substantial investment in the LHC and the experiments, and to be able to lead the potential discovery analyses, the UK needs to make substantial investment in Grid infrastructure, both hardware and software, between now and LHC start-up.

GridPP is currently building a prototype UK Grid that will enable the LHC experiments to generate large amounts of Monte Carlo simulated data. This is currently being tested by running experiments in the USA in which the UK is involved, BaBar at SLAC and CDF and D0 at the Tevatron, FNAL. Several other smaller experiments have also started to use the prototype Grid. Having these non-LHC experiments involved in the development of the Grid has been enormously helpful since these physicists are performing real physics analysis which places quite different demands on the robustness and stability required of the systems.

Although this proposal focuses on the provision of computing resources for the LHC experiments and associated phenomenologists, we wish to continue to support the US-based and other experiments such as H1, ZEUS, UKDMC and groups preparing for new initiatives such as MICE and the Linear Collider. By 2007 it is expected that nearly all UK Particle Physics computing equipment will be part of the Grid and hence we have to ensure that every UK experiments can use the Grid for their analyses even though the resources they require will only be a small fraction of the total.

3.2 GridPP1: From Web to Grid

The GridPP1 project, in close association with the flagship European DataGrid project, has achieved remarkable successes in the last two years. Perhaps the most compelling is the presence of a pervasive prototype Grid testbed throughout Europe including the UK as a major component. This is a complete working Grid, where real user jobs are being submitted in a properly manageable and scalable way. 

Figure 1 shows the UK testbed sites. All testbed sites can be said to be truly on a Grid by virtue of their registration in a comprehensive resource information publication scheme, their accessibility via a set of globally enabled resource brokers, and the use of one of the first scalable mechanisms to support distributed virtual communities (VOMS). Put simply, a user can submit a job to a broker in Italy, and find it running in Glasgow or Amsterdam a few minutes later. There are few such Grids in operation in the world today.
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Figure 1: GridPP testbed status (27th May 2003, 12:00). The symbols represent the status of the servers in terms of Grid access. ( corresponds to no information from the site. ( indicates a site which is currently not responding. ( denotes a Globus response, but none via the Resource Brokers. ( indicates a response via the GridPP (UK) Resource Broker. * denotes a response via the EDG (EU) Resource Broker. The latest status can be seen at http://www.gridpp.ac.uk/map/.

The scope of the GridPP1 project is much larger than just the deployment of a testbed. The project as a whole is characterised in terms of seven high-level areas that, in turn are composed of a number of elements, each of which is defined by a number of tasks and/or metrics. This structure is encapsulated in a Project Map that is shown in Figure 2. This interactive and dynamic representation of the project was developed as a management tool and provides, at a glance, an overview of the project progress and status including the ability to drill down to the details and supporting documentation. 

The seven project areas, and the investment of GridPP1, are:

“CERN” {£5.7m}. This represents the LCG (LHC Computing Grid) deployment project that started in March 2002 and aims to establish the Grid as a 24/7 service on a worldwide distributed computing fabric where the LHC experiment applications can run in a common environment. The high-level planning for the LCG is now complete, prototype services have been developed and the first LCG-1 release is planned for deployment across three continents in July 2003. A number of key milestones have been met, including the first public release of POOL, the important object persistency package. Elsewhere in the applications area, projects to develop a standard Software Environment (SEAL) and Physics Interfaces (PI) are underway. The UK has contributed 40% of the special contributions to CERN for LCG staff effort to initiate this major programme. 

 “DataGrid” {£3.8m} started on 1st January 2001 and refers to the European DataGrid (EDG), the EU development of Grid services appropriate for Particle Physics, biomedical and earth observation applications. Initial technology and requirements surveys have been completed and 17 services have been implemented, based on the Globus-2 toolkit and Condor-G. The project is characterised by rapid development, testing and deployment of middleware within a European-wide testbed. The performance of 330 thousand lines of code has been evaluated within a testbed consisting of hundreds of servers distributed around Europe. The substantial development effort that EDG has already invested has been devoted to development of innovative middleware, its integration (along with Globus and Condor components), subsequent deployment and operation on testbeds. As one of the six principal partners the UK has so far contributed 20% of the middleware and testbed effort. Code is open source and predominantly developed and deployed on Linux platforms.
“Applications” {£2.0m} refers to the experiments’ software that requires interfaces to the Grid middleware. Typically O(1million) lines of code are required to analyse data from a collider experiment. Each of these experiments typically distributes Monte Carlo simulation jobs and incorporates a (relational) database structure with a data hierarchy to enable efficient analysis. The process of ‘Grid-enabling’ the code requires careful evaluation of Grid and existing experiment code dependencies prior to implementation. Increased co-operation between experiments to produce Grid software and use Grid middleware has been sponsored by GridPP. Examples of this are the co-operation between ATLAS and LHCb to produce GANGA, the joint adoption by the two Fermilab experiments of the SAM system, and the BaBar experiment’s adoption of the EDG software produced for the LHC experiments.

“Infrastructure” {£3.7m} refers to the UK-based hardware and associated system management expertise necessary to deploy a Grid. The Experiments Board defines the level of Tier-1 resources required by the LHC, BaBar and other experiments and how they should be shared. A hardware assessment group advises RAL on the technology and any compromises required for the annual     Tier-1/A purchase. Significant Tier-2 resources, funded from outside PPARC, are distributed around the UK. These are being integrated via a UK testbed, which aims to roll out the Grid incrementally to the Institutes. In parallel, data challenges, where significant amounts of simulated data are generated by the experiments place immediate production requirements on this infrastructure. 

“Interoperability” refers to issues such as the adoption of (emerging) international standards, adherence to open source implementations, integration with non-UK developments within Particle Physics and with the core e-Science programme within the UK. “Dissemination” aims to inform external groups and Institutes within GridPP of relevant developments. “Resources” enables the allocated funding to be appropriately monitored. “Operations” {£1.8m} enables travel/participation in this world-wide activity by ~100 physicists and computer scientists, as well as project management. 

The Project Map is accessible via the Web. Tasks are deliverables that must be provided by a specified date and according to a pre-determined definition. Metrics measure attributes that vary over the lifetime of the project (such as the annual number of demonstrations) and are defined as either in or out of specifications. At the midpoint of the project, over half of the 182 tasks are completed and all of the 44 metrics are within specifications. The Project Map incorporates a complete Risk Register with 76 identified risks, reviewed on a regular basis.
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Figure 2: GridPP Project Map. An interactive tool describing the project in seven areas at the top, each composed of a number of element below. The elements are defined by a set of Tasks and Metrics that are colour-coded to reflect the current project status.

The status of GridPP1 as of April 1st 2003 has recently been reviewed and accepted by the Project Oversight Committee who commented "Excellent progress, management, control, reporting and thinking (both tactical and strategic), we look forward to an equally successful second half of the project as the investments made translate into middleware roll-out and benefits to the HEP experiments. It is difficult to imagine more impressive progress all round." 

3.3 GridPP2: From Prototype to Production

In September 2004 we anticipate being in the following position:

· Applications will be using the Grid to access additional resources beyond those available via standard distributed computing methods for their Monte Carlo production or data challenges. However, this will be at a low level compared to the total CPU and storage requirement of each of the experiments (typically ~5% of the CPU and ~1% of the storage).

· The EDG will have completed its task of providing prototype middleware based upon the Globus Toolkit and Condor. The EGEE (Enabling Grids for E-science in Europe) project will be in progress with more emphasis on a common infrastructure for a broader range of applications.

· Testing of LCG Phase 1 will be well underway, providing a common LHC computing environment based on Grid technology. The computing resources available via the Grid will be building to the level of 50% of the final requirement of one of the experiments. A prototype Tier-0 Centre will be linked to the Regional Tier centres based on these releases.

· GridPP1 will be completing its task of developing and deploying a prototype Grid in the UK. A prototype Tier-1 Centre will exist based at RAL. Tier-2 centres will be in the process of being built up from hardware provided by the Institutes and from initial seed-corn investment in manpower from GridPP1. The UK testbed will be fully integrated with the LCG testbed. The prototype Grid will have been rolled out to Institutes across the UK. Experiment applications will have been developed to various levels of functionality. Grid computing will be expected to provide for the requirements of all experiments.

The success of GridPP1 needs to be fed forward to the future. The principle goal of GridPP2 is to move from an era of prototype middleware development and testbed construction to an era where the focus is upon building a production-quality Grid running high quality services to meet the LHC computing challenge. The goal embodies three key concepts of robustness, scale and functionality:

1. The construction of a production Grid infrastructure that exhibits the appropriate level of stability and follows the emerging GGF service-oriented architecture. 

2. A scalable and workable operational model including user and applications support.

3. Seamless integration with the LCG programme that defines the solution to the LHC computing challenge.

A production Grid has to achieve a high degree of reliability, robustness, security, and ease of use beyond that embodied in the current Grid testbeds. GridPP identifies the following components:

	Infrastructure
	The set of services that make up the GridPP Grid. These include basic resources like CPU, storage and network and higher-level services like an Information Service, Resource Brokers, and a Certificate Authority.

	Operations
	Monitoring the overall Grid, identifying and reporting problems in delivery.

	User Support
	A helpdesk for end users and system administrators and a support infrastructure to ensure that queries get answered, problems escalated, etc. 

	Installation and Configuration
	A common set of tools and documentation to ensure that the agreed software gets installed easily at all participating sites and is configured to inter-work.

	Middleware Support
	Support from middleware developer teams or dedicated supporters to diagnose local middleware problems 

	Application Software Support
	A support structure involving the experiments that will use the Grid to make sure their software is correctly installed and verified at all relevant sites. 


To achieve such a production environment we need to integrate all of the above components, as described in this document, within an international framework. There are two CERN-led programmes that are tied to the proposed GridPP2 programme and which are necessary to create a pervasive Grid infrastructure for Particle Physics and other disciplines:

1. LCG will of prepare the computing environment for the analysis of the LHC data. The computing requirements are much greater than could be satisfied at CERN alone, and so a major aim of LCG is to make the Grid an effective service for physicists working on LHC analysis. The UK helped initiate this programme and has played a major role within it. The ultimate success of GridPP2 with respect to deployment of a production Grid service is intimately connected to this programme and this proposal incorporates the case for continued funding of the LCG project during Phase 2, the deployment phase. 

2. EGEE is a CERN-led proposal to the EU Framework VI programme which will provide European researchers in academia and industry with a common market of computing resources, enabling round-the-clock access to major computing resources, independent of geographic location. Its mission is to deliver production level Grid services; carry out a professional Grid middleware re-engineering activity in support of the production services; and ensure an outreach and training effort that can proactively market Grid services to new research communities in academia and industry. GridPP recognises the importance of contributing to this EU-wide middleware development programme and will provide the underlying information services.

The EGEE programme builds upon the success of EDG. The LCG and EGEE programmes are themselves connected and the impact of the first intensive production use of the Grid infrastructure by the LHC experiments will help pave the way for adoption of this infrastructure by other major scientific disciplines and eventually industry and commerce, with potentially very large benefits for European science and technology. As illustrated in Figure 3 below, EGEE will benefit initially from LCG, and once the European Grid infrastructure is established, it will in turn support a wide variety of user communities. These components define a series of releases that will be deployed across the UK. During this period, a migration to an Open Grid Services Architecture/Framework of the underlying Grid infrastructure will take place. This will enable the associated resources to be shared with other disciplines, such as biomedical applications. 
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Figure 3: Timeline showing the evolving relationship between EDG, LCG and EGEE. Production releases developed and deployed in the UK by GridPP will track the EGEE/LCG annual release cycle following the supply of EDG middleware to LCG. 

The GridPP2 Production Team will monitor the Grid in terms of robustness, functionality, and scale. Robustness will be defined in terms of end user throughput, although the precise metric(s) will need to be specified in more detail. Grid functionality will be defined by the LCG releases with additional components necessary for non-LHC experiments. The overall scale of the proposed UK Grid is discussed later and given in Table 13, Table 14 and Table 15. These provide the basis for the targets outlined in Table 1 that define the minimum requirements of the UK’s Production Grid and specify the major deliverables. At the start of each year the Project Management Board will review these in order to specify that year’s target in terms that can be easily defined and monitored across the Grid. 

	Deliverable
	Date
	Goals

	Production I
	April 2005
	Robustness: 
80% “up time”



90% job submission “success”

Functionality:
LCG-3++

Scale: 

5 resource centres connected via UK and EU brokers


Throughput: 
500 jobs per hour


CPU: 

25% of 2004 CPU available via Grid


Disk: 

10% of 2004 Disk accessible via Grid

	Production II
	April 2006
	Robustness: 
90% “up time”



95% job submission “success”


95% success.

Functionality:
LCG Phase 2 release+

Scale: 

10 resource centres connected via UK and EU brokers


Throughput: 
1000 jobs per hour


CPU: 

50% of 2005 CPU available via Grid


Disk: 

20% of 2005 Disk accessible via Grid

	Production III
	April 2007
	Robustness: 
95% “up time” 



98% job submission “success”

Functionality:
LCG Phase 2 release++

Scale: 

15 resource centres connected via UK and EU brokers


Throughput: 
2000 jobs per hour


CPU: 

75% of 2006 CPU available via Grid


Disk: 

50% of 2006 Disk accessible via Grid


Table 1: Major Deliverables of the GridPP2 Project. 

From September 2004:

· The full functionality of the Tier-1 Centre will need to be established to create a production centre.

· The emerging Tier-2 centres will need to be developed and fully integrated. 

· The software development cycle shown in Figure 4 will need to be used to ensure that the production environment is stable for the user applications. This verification, validation and testing cycle will need to conform to industrial standards. 

· EGEE will have completed its assessment of middleware and will be dependent upon LCG for its operations centre. In the UK, the Grid Support Centre will have expanded its role to encompass the requirements of a larger body of early adopters. We will need to communicate our experience and requirements to the Grid Support Centre.

· A fully functional stable production Grid must be established. This needs to incorporate anticipated wider participation, a move from Monte Carlo production to a full Physics Analysis environment, continued development but with a move towards proper user support. 

· The applications must be fully developed, tested and exercised in a production Grid environment. The scale of the Grid in the UK is depicted in Figure 5. The total CPU capacity corresponds to ~7000 kSI2000 (or 20,000 PIII 1GHz processors) and 750 TBytes of disk storage. These resources will be directly connected to the EU-wide Grid environment and available via an International Grid, subject to evolving policy. 

· LCG will need to build the full facility needed by the LHC experiments including Tier-0 and Tier-1 resources at CERN. 

· We will need to ensure that our deployment plans are fully interoperable especially where resources are shared with other disciplines.

[image: image5.png]Developer Build Development Certification Production
Machines System Testbed ~15CPU Testbed ~40CPU Testbed ~1000CPU

Unit Test

Production

Certification

add unit Run nigfily Individual WP Grid 4 Certiied public
tested code to & auto. tests tests certification for use by apps.

repository

Build
system

Integration
Team

Test Group

Overall

Fix problems release
tests

Application
Certification

Apps.
Representatives

Tagged
Releases

Tagged release selected for certification
Certified release selected for deployment

Certified
Releases

Problemlreports




Figure 4: Software production cycle with LCG and EGEE adopted by GridPP. A build, integration and certification process is undertaken on a series of increasingly large testbeds before release to the production Grid environment. 

In parallel to the development of middleware, the hardware infrastructure must be built up to meet the computing requirements of the experiments. The projected resources available at the Tier-1/A Centre and the Institutes is given in Figure 5. The goal of GridPP2 will be to harness these resources via the Grid for the benefit of all the experiments. 
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Figure 5: Projected resources available in September 2004 to be applied to large-scale production Grid deployment. The total CPU at each institute is proportional to the size of the green circles. The disk storage at each site is proportional to the height of the grey vertical bars. 

To move to a Production Grid on the scale of that described above, GridPP2 will create a core production team of about eight people led by an Operations Manager, and including staff from the   Tier-1 and the four Tier-2 regional centres. This ‘elite’ team will spearhead the deployment of the Grid through the Tier centres, coordinating the local effort as appropriate, and will liaise closely both with the middleware developers and with the complementary support teams (e.g. UK Grid Support Centre, European Grid Support Centre, EGEE Operations and Support Centres). Existing expertise will be used and built upon to create the necessary team as shown in Figure 6. This Production Team is an essential component to the future success of GridPP2. A detailed description of the Production Grid task is given in the Testbed to Production Document (GridPP-PMB-20-Production).
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Figure 6: Evolution from the existing Testbed Team to the Production Team. (WP6 refers to the EDG-UK Testbed Work Package. WP8 refers to the EDG-UK Applications Work Package). 
A smooth transition is required from GridPP1 to GridPP2. In anticipation, a preliminary definition of the GridPP2 project has been made, as shown in Figure 7, by adapting the high level GridPP1 Project Map to reflect the new programme. Some of the areas are simple extensions from GridPP1 but others reflect the changing complexion of the project. The areas identified in Figure 7 are: 

“LCG” identifies the external framework to which the GridPP2 project will be aligned in order to define the functionality of the production Grid. Close coordination between the projects is essential and the GridPP2 milestones in this area will reflect LCG release dates.

“Development” refers to five areas in which GridPP2 proposes to engage in active development work. Three of these are Middleware and the other two are Security and Networking. Many areas were considered with these five selected on the basis of being mission critical to the project, with the UK having demonstrable expertise in these fields. These are described in more detail later in the proposal. 

“LHC Apps” and “Non-LHC Apps” refers to the applications that will ultimately run on the production Grid. The GridPP1 project supports the development of application interfaces for six HEP experiments and one theory group (UKQCD). The GridPP2 project proposes to expand this support to more groups. Although it is beyond the scope of GridPP to fully develop the applications, such links into the experimental groups are regarded as essential to ensure that the Grid develops in harmony with the applications and that common solutions can be promoted. In order to fully perform the required physics analysis, input from LHC phenomenology groups will be essential and the ability to compare data to theory will make use of the same computing infrastructure. 

“Production Grid” refers to the infrastructure and services of the Grid itself. In the GridPP1 Project Map the various resources appear as separate elements in the top-level map of the project. In GridPP2 a more holistic view is envisaged where the success of the production Grid is viewed in terms of the number, the level, and the stability of the services provided. 

The “Management” area of the project defines the milestones for detailed planning, for the deployment of resources, the monitoring of progress, and the general day-to-day running of the project. “Dissemination” is broken off as a separate area to emphasis the importance that will be attached to this in GridPP2
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Figure 7: Preliminary GridPP2 Project Map. A high-level view of the elements proposed for GridPP2. 

4. Experimental Requirements for the Production Grid

The UK's computing requirements at the Tier-1 and Tier-2 centres for all the major Particle Physics experiments between 2004 and 2007 have been assessed. Further details are given in the Hardware Requirements Planning Document (GridPP-PMB-22-Hardware). The figures below present the current estimate of the computing needs of the experiments. The LHC experiments are planning to submit a computing Technical Design Report in 2005 where these figures will be refined. The associated uncertainty is managed within GridPP by an annual hardware assessment that is performed to determine the optimum balance of CPU/storage. During the period 2004-07 there will be a transition from centrally planned Monte Carlo production tasks to a more complex environment encompassing analysis by many individual physicists. Lessons from the current data-taking experiments will be learnt and acted upon. 

Feedback from Monte Carlo production and analysis exercises is invaluable in estimating the resources we will require for the first years of LHC running. For example, CMS have found previous resource estimates to be too low in the light of results from data challenges. On the other hand, it is expected that the production deployment of Grid middleware will result in large efficiency improvements. Until the full functionality of the deployed Grid middleware is included it is difficult to estimate what these efficiencies may be.

4.1 CPU Requirements

There will be a steady rise in demand for CPU capacity during GridPP2, with the requirement approximately doubling every 15 months. The experiments currently taking data are expected to require 50% of the total resources at the start of GridPP2. These are scheduled to carry on taking data up to 2007, with steadily increasing requirements. In 2006 there will be a steeper increase in the CPU needs to meet the LHC initial requirements prior to data-taking. By 2007 it is expected that over 80% of the UK Tier-1 and Tier-2 CPU resources will be needed to meet the requirements of the LHC experiments. It is likely that the CPU requirement will increase significantly after 2007, in response to the demands of analysing and interpreting real data within a highly competitive physics analysis environment at the start of the LHC exploitation phase.
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Figure 8: Estimated CPU requirements by experiment as a function of year (UK only).

4.2 Storage Requirements

The anticipated balance of CPU and storage requirements is similar for each of the experiments. About 60% of the disk storage will be required for the LHC experiments by 2007. The non-LHC experiments will still need to store their data on disk at that time. The LHC experiments will transfer a large amount of their data onto “tape” media after 1 year, a more stringent demand than the rest of the experimental community. This is reflected in the large increase in tape that is anticipated which is dominated by LHC usage.
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Figure 9: Estimated disk requirements by experiment as a function of year (UK only).
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Figure 10: Estimated tape requirements by experiment as a function of year (UK only).

4.3 Networking Requirements

Adequate network bandwidth and functionality is essential for effective use of Grid computing. The bandwidth requirements will be dominated by the need to replicate data in the analysis stage of the data processing. As already stated, the study of the analysis and computing models is only just commencing within the LHC collaborations. The LHC experiments are using simulation tools, such as OptorSim, to understand the “economics” of their computing model. Early estimates suggest that the data transfer rate could increase by at least a factor 5 over the next few years.

Network monitoring has shown that problems with current bulk data transfers are due to bottlenecks at individual Institutes. These tend to be unrelated to the network backbone, SuperJANET, but are in general associated with the institute link into the local MAN. This is being addressed as part of the upgrading of networking facilities by the Higher Education Funding Councils. 

4.4 Total Hardware Requirements

The estimated total hardware requirements are given below. The requirements for CPU grow by a factor 5 and storage capacity by a factor 8 during this period. As noted above, they are subject to significant uncertainties, with an historical precedent of underestimation. The CPU requirement is now expressed in kSI2000 units, assuming a 100% efficient 24/7x365 production environment operating during a given year, meeting the (fluctuating) demands of all the experiments. Since such assumptions are unrealistic, these should be considered minimum hardware requirements for the GridPP2 Production Grid. 

	Year
	2004
	2005
	2006
	2007

	CPU [kSI2000]
	4399
	6071
	8386
	11972

	Disk [TB]
	369
	735
	1424
	2285

	Tape [TB]
	376
	752
	1542
	2623


Table 2: Estimated total CPU, disk and tape requirements as a function of year (UK only).

These computing requirements must be met independent of the methods used. In this proposal we plan to achieve this using the Grid in a staged rollout process, as outlined above. In the next section we outline the associated Grid hierarchy and discuss the roles of the tier centres that will undertake to meet these requirements.

5. The Grid Computing Hierarchy

Early models of LHC computing involved a hierarchical arrangement of tiered regional centres, starting from Tier-0 at CERN, through major Tier-1 centres in several countries including CERN and the UK, to smaller Tier-2 and Tier-3 centres in Institutes and departments. Although the hierarchical nature of this model is becoming less distinct the terms Tier-0, Tier-1, Tier-2 etc are still retained and it is expected that each of these tiers will play an important role during GridPP2 and LHC exploitation. We assume Tier-3 resources are the pooled physicist desktops machines and other small farms that will be integrated via the local Tier-2 centre.

The current 'definition' of Tier-1, Tier-2 etc, taken from the LCG RTAG 6 on Regional Centre Category and Service Definition, can be found in Appendix 11.12. A Tier-2 centre is similar to a Tier-1 Centre, with Grid enabled computing and storage elements, possibly mass storage and sufficient network bandwidth but with a stronger emphasis on local user support and weaker short term crash response and long term commitments. In the long term GridPP expects that the resources available in the UK from the sum of the four Tier-2 centres will be approximately the same as that at the Tier-1 Centre, although in the shorter term the Tier-2 resources will be larger but less well integrated. 

Technically, as far as Grid resource brokers are concerned, there may be little distinction between a given resource at a one tier centre rather than at another, but overall different tiers will be better suited to different tasks. Historically, a data hierarchy has been essential in enabling efficient data access: this needs to map onto the Grid hierarchy. A number of increasingly refined sets of data will be created, distributed and cached such as raw data (RAW), Event Summary Data (ESD), Analysis Object Data (AOD) and tagged selected data (TAG). It is clear that the more refined (TAG) data should be as close as possible to the physicists performing their analysis. This is illustrated in Figure 11 where the data hierarchy associated to individual events from an experiment’s replicated database are stored at various locations. TAG data will reside primarily on the Tier-3 resources and the required streams of ESD and/or AOD data will reside at the Tier-2 and Tier-1 centres. RAW data will generally remain at the Tier-0.
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Figure 11: Tier centre hierarchy. RAW (ESD) [AOD] {TAG} data is accessed primarily from the nearest Tier- 0 (1) [2] {3} Centre. The full event sample is stored in TAG format as close as possible to the end-user physicist. Data access is required to all the relevant TAG data with subsets of the AOD, ESD and RAW data accessible via the Grid in the search for interesting events.
5.1 Tier-0 

The Tier-0 centre at CERN is required to enable the LHC experiments to carry out the necessary “collection and processing (calibration, reconstruction, monitoring and reprocessing) of the raw data”
.  A CERN Tier-1 centre will also be required to support the analysis activities not only for collaborators not having a Tier-1 in their country, but also for CERN-based researchers, many of whom will be from the UK. It is imagined that the Tier-0 and Tier-1 centres will be operated as a single entity for flexibility, to optimise resource usage and to minimise management overhead.

The management structure for Phase 1 of the LCG project was organised during the early part of 2002. The LCG Project Execution Board developed a planning document that was presented to CERN’s LHC Committee in July 2002. Four specific work areas were established: Applications; Fabric Management; Grid Technology and Grid Deployment. The project established a high level plan with the following milestones leading up to the completion of the Computing Service TDR in June 2005:

	· June 2003
	General release of the POOL hybrid event store

	· July 2003
	First Global Service (LCG-1) — Initial availability

	· November 2003
	Distributed Production Environment using Grid services

	· November 2003
	Fully operational LCG-1 service

	· May 2004
	Distributed end-user interactive analysis

	· January 2005
	Fully operational LCG-3 Service

	· March 2005
	Full function release of persistency framework


Table 3: LCG Phase 1 high-level milestones. 

Progress in the Applications, Fabric Management, Grid Technology and Grid Deployment areas is discussed in the Tier-0 Planning Document (GridPP-PMB-15-Tier0). The complete planning and status information for Phase 1 of the LCG project, can be found at http://cern.ch/LCG/peb/Planning/. The GridPP2 proposal is to contribute to the funding of LCG Phase 2 at the Tier-0 centre. 

During Phase 2 of the LCG project CERN will, building on the research and development of Phase 1, install and commission the combined Tier-0/-1 centre. This centre will be sized to meet the requirements of the experiments for processor capacity, disk storage, tape storage and tape I/O rates. Initial estimates were established during the Hoffmann review in 1999/2000 and revised by Task   Force 1 of the LHC "cost to completion" review in early 2002. These estimates are being reviewed again during 2003, in the light of the experience gained since 1999 with initial versions of the data processing programs and results from simulation studies. The current estimates for capacity requirements are set out in Table 4.

	Year
	
	2006
	2007
	2008
	2009
	2010

	CPU capacity [kSI2000]
	3,672
	8,231
	19,110
	25,416
	33,804

	Disk storage [TB]
	
	749
	1,875
	3,723
	4,949
	6,580

	Tape I/O rate [MB/s]
	1,090
	2,260
	3,900
	3,900
	3,900

	Tape storage [PB]
	
	6
	14
	25
	36
	48


Table 4: Tier-0/Tier-1 Estimated Capacity Requirements.
As noted in the Tier-0 Planning Document, CERN has been undertaking regular technology tracking studies since 1999 (the PASTA reports) in order to understand the likely future costs of system components. Figures from the latest of these studies, PASTA 3, are being combined with the requirements of the LHC experiments to produce an updated estimate of the hardware costs for the Tier-0/Tier-1 centre. Overall, a total of 61.8 MCHF will be required for Tier-0/-1 installation and the operation of basic physics services during LCG Phase 2. Operation and maintenance from 2009 is expected to cost just under 22 MCHF per year. Since 2000, when the lack of funding for LHC offline computing was first identified, CERN has allocated additional funds to this area. Although this reallocation has ensured that the long-term operational costs are covered, there is a shortfall of 2.46 MCHF during LCG Phase 2. To aid the ramp up of the Tier-0/-1 Centre, we therefore propose to make a contribution to the Tier-0/-1 hardware costs of £120k in each of the financial years 2005/6 and 2006/7. 
Similarly, following a review of human resources at the end of last year, CERN has reallocated resources within the laboratory such that the IT division has sufficient staff for long-term LHC operations (apart from some edge effects in 2009). However, there is a clear shortfall during LCG Phase 2, where a total of 96 FTE-years of staff effort must be found out of the 363 FTE-years required. We propose to fund a total of 31 FTE-years of effort, approximately 30% of the total shortfall, compared to a total of 72 FTE-years of effort currently funded by GridPP1. This planning assumes that the EGEE proposal will be successful and that an additional 16 people will be available to contribute to the middleware development and Grid Deployment areas. The overall situation is summarised in Table 5. 

	
	LCG Phase 1
	LCG Phase 2
	Operation

	Year
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Requirement
	166
	142
	137
	131
	124
	108
	88
	84

	Funded
	136
	142
	126
	91
	93
	83
	83
	84

	Shortfall
	0
	0
	11
	40
	31
	25
	5
	0


Table 5: LCG Personnel Requirement Estimates [FTE]. The main period of GridPP2 is highlighted.
The areas most needing additional effort are Fabric Management, Grid Data Management and Grid Deployment. It is thus likely that GridPP2 funded staff will be assigned to these areas. Indeed, a number of GridPP1 funded staff are already working in these areas during LCG Phase 1 and are well placed to make contributions to LCG Phase 2.

PPARC, through GridPP, has invested a total of £5.667m in the development phase of the LCG project. LCG Phase 2, the deployment phase, is an essential part of the overall plan to develop and deploy a worldwide Grid for LHC offline computing. We believe that a further PPARC investment of £2.5m during this phase of the LCG project is fully justified to ensure the deployment of the required Tier-0/Tier-1 Centre at CERN, building on our investment and the successes of LCG Phase 1, in order to enable the effective exploitation of the physics data that will be delivered by the LHC experiments.

5.2 Tier-1 

The Tier-1 Centre for GridPP will develop from a base of the prototype centre developed at RAL as part of the GridPP1 Project. Further details are given in the Tier-1 Planning Document (GridPP-PMB-16-Tier1). The service level will be specified in terms of an MoU between RAL and the GridPP management. The main services offered can be categorised into: 

· Data - large clusters of commodity disk servers, the Atlas Datastore (with a potential capacity of over 1 Petabyte), a global filesystem (AFS) and a high integrity service for a more valuable small fraction of the data;

· CPU – a large cluster of commodity PCs that will be incrementally grown at least annually;

· Network – a high-speed network between components and an excellent connection to SuperJANET.

Table 6 shows the capacity planned for each year of GridPP2 with the resources being purchased late in the preceding year. The 2004 resources are inherited from GridPP1. 

	Year
	2004
	2005
	2006
	2007

	CPU capacity [kSI2000]
	972
	1591
	2440
	4030

	Disk storage [TB]
	317
	504
	781
	1221

	Tape storage [TB]
	256
	355
	455
	555

	Tape I/O rate [MB/s]
	300
	360
	420
	480

	WAN Network [Gbit/sec]
	2.5
	10
	10
	10


Table 6: Capacity of the Tier-1 Centre. 
The staff figures below are an estimate based on experience with the existing equipment scaled to the envisaged levels. Table 7 shows the teams that will work on the specific high level services described below plus a common layer of support staff who provide services to all of the higher level services.

	Management [1.5]

	Data 
	CPU
	UK 
	Middleware
	Experiment 

	Disk
	Tape
	File System
	
	Deployment
	Support
	Support

	[1.5]
	[2.5]
	[0.5]
	[2.0]
	[2.0]
	
	[2.0]

	Core Services [2.5]
	Operations [3.0]

	Security [1.0]
	Networking [0.5]


Table 7: Tier-1 Centre services and corresponding manpower requirements [FTE]. The FTE allocation for middleware support through CLRC is not yet finalised.

The proposed staff structure above totals 19 FTE of which GridPP2 will contribute 16 and CLRC the remaining 3. The following areas are covered. 

	Management
	Includes both internal management of the centre and its team and finances, and the outward-facing interactions with LCG, EGEE, and the other Tier Centres. The existing management team has a proven record of highly efficient National and International service delivery geared to the requirements of Particle Physics. 

	Data Services
	High quality data services are the foremost requirement of a Tier-1 Centre. As well as large capacity, the service must be reliable, robust, well-managed and guarantee the integrity of the data. The proven record of RAL in running such data services over many years for Particle Physics and others is the main reason for locating the Tier-1 at RAL.

	CPU Service
	At the hardware level the CPU resources will be run as a single large cluster with a single infrastructure for operations, installation, monitoring, and resource scheduling. At the resource scheduling level the cluster can be subdivided for periods of time to provide the flexibility to meet differing requirements of the experiments.

	UK Deployment
	The Tier-1 centre will play a leading role in UK deployment, managed as part of the Production Grid Deployment Team to provide support for the whole of GridPP.

	Middleware Support
	The Grid Support centre at RAL will broker help requests, involving middleware experts from the UK Grid Support Centre and other areas of GridPP when appropriate. This structure will be complemented by the EU/EGEE support centre based at RAL.  

	Experiment Support
	This is outward-looking Tier-1 effort that is intended to complement dedicated experiment software support that the applications are expected to apply for directly.

	Core Services
	Consoles, user filesystems, monitoring, software development/deployment, user registration and management.

	Operations
	Machine room environment (safety, power, cooling, deliveries, installation), hardware diagnostics and repair, automation and monitoring, deploying Grid fabric management tools, tape movement and robot intervention.

	Security
	Ensuring the integrity of the services, scanning, patching, interaction with site firewall management.

	Networking
	Administering the centre’s LAN and a share of local WAN access.


The staff cover provided for the service covers 0830-1700, Monday to Friday. Flexible time working will enable physical staff cover from 0730-1930 Mon-Fri excluding UK public holidays. By suitable automation it is expected that the services will be kept running 24/7x365. The automation procedure will call out staff during the period 0700-2300 every day including weekends and public holidays to diagnose problems that cannot be fixed automatically. Options for higher levels of cover are given in the Tier-1 Planning Document.

In addition to 3 FTE, CLRC will contribute to the project by providing a well-managed machine room environment; capital investment in the Atlas DataStore; an upgrade to the WAN connection as well as backup effort and advice from skilled staff on other projects (with similar and complementary skill sets).

A National and International UK Role

The Tier-1 Centre acts as a focus for many types of communication between UK sites and CERN. This makes it the natural lead site for the development of the UK Grid and its movement forward into a production Grid. 

Nationally, the Tier-1 Centre will engage fully within the Production Grid Deployment Team. It is expected that the Grid Operations and Support Team funded by EGEE will also play a major role in this task. 

Internationally we will work with CERN through the LCG Grid Deployment Board and through direct interactions with the LCG system administrators. Internationally, RAL will act as the lead UK site in LCG through the Grid Deployment Board (GDB) and other bodies, it will continue its role as a Tier-A Centre for BaBar at SLAC and play a part in Run II at Fermilab. RAL is also a Board Member of HEPiX that provides a forum for technical exchange in the international HEP computing community. 

GridPP’s proposed investment of staff effort at the Tier-1 Centre places a responsibility on the Tier-1 to ensure that the rest of the UK community benefits from the experience and expertise they accrue. This will be achieved by a variety of methods including:

· Advice for sites procuring hardware on specification, tendering, benchmarking, negotiating with vendors;

· Advice on diagnosing hardware problems;

· Engagement through suitable user forums (e.g. UK HEP System Managers, HEPiX);

· Passing on experiences with such tasks as fabric monitoring, accounting, batch scheduling;

Due to its physical location and management structure, a Tier-1 Centre at RAL would have particularly strong working relationships with: the CLRC e-Science Centre; the UK Grid Support Centre; the UK EGEE Operations and Support Centres.

5.3 Tier-2 

Sixteen of the GridPP member institutes are currently putting substantial effort into the construction of the LHC detectors and will be involved in the analysis of LHC data. In order to play a full role in this analysis and to ensure a high scientific return from PPARC's investment in the LHC construction, all the institutes need to be tightly integrated into the UK Grid. Our strategy to ensure this is that every institute should be part of a Tier-2 centre such that they all benefit from the Grid and every institute, however small, can contribute its own resources to the Grid.

In its original proposal, GridPP envisaged the UK would eventually have about four Regional Tier-2 Centres in addition to the UK Tier-1 Regional Centre. It was assumed that in the prototype phase, sufficient hardware could be provided at a single Tier-1 UK centre. In the last 18 months GridPP has established that the Grid computing model will work at the required levels of functionality. GridPP now wishes to build upon this success and have access to Tier-2 centres in the future and so we have been developing a plan, approved by the GridPP Oversight Committee, to enable us to include Tier-2 centres in a large scale prototype test in the third year of the current GridPP1 project. In its third year, GridPP is providing four 'seed corn' half posts in the four Tier-2 centres from our current budget. 

As shown below, there are already substantial resources available at the institutes funded by previous JREI, JIF and SRIF rounds, with more committed in the near future from SRIF2. In addition the formation of explicit Tier-2 centres is likely to attract both additional funding and sharing of resources with other disciplines. Integration of these facilities into the Grid so that they can be efficiently utilised by all UK Particle Physics experiments and theory groups, will substantially reduce the amount of new hardware that will have to be purchased directly through GridPP in order to fulfil the UK's commitment to lead Grid developments in response to the LHC computing challenge.

Given that the focus should be local, there are natural geographical groupings in and around Scotland, in the North and in London plus a number of institutes in the South, excluding London. The extremes would be one (Tier-1) or ~18 (separate Tier-3 institutes) and so four Tier-2 centres seem a natural choice that reflects local institutional alliances. If there were fewer Tier-2 centres they would be bigger and less locally focussed or they would preclude the potential leverage of resources from some institutes. If there were more they would be harder to manage and less efficient. 

The proposed Tier-2 centres are:

· London: Brunel, Imperial College, QMUL, RHUL, UCL.

· NorthGrid: CLRC Daresbury, Lancaster, Liverpool, Manchester, Sheffield.

· ScotGrid: Durham, Edinburgh, Glasgow.

· SouthGrid: Birmingham, Bristol, Cambridge, Oxford, RAL PPD.
Further details are given in the Tier-2 Planning Document (GridPP-PMB-17-Tier2).

We expect the Tier-2 centres to be the major focus for local user support operations, dissemination and outreach activities. Each GridPP Tier-2 Centre is associated with at least one Core e-Science Centre and many Centres of Excellence, which we hope will mean continuing close collaboration between GridPP and the Core e-Science programme with efficient sharing of expertise and resources to the benefit of all.

The hardware currently installed (as of 1 April 2003) in the four centres is given in the tables below, along with projections to 2004 and 2007. Some of the hardware is shared with other disciplines but currently the nominal Particle Physics share is 75% of the CPU and 88% of the disk space. The original cost of this equipment was over £4m.

	Tier-2
	Number of CPUs
	Total CPU [KSI2000]
	Total Disk [TB]
	Total Tape [TB]

	London
	677
	335
	26
	8

	NorthGrid
	815
	263
	43
	28

	SouthGrid
	436
	229
	32
	8

	ScotGrid
	259
	126
	18
	20

	Total
	2187
	953
	118
	64


Table 8: Current resources available at the Tier-2 Centres.
	Tier-2
	Number of CPUs
	Total CPU [KSI2000]
	Total Disk [TB]
	Total Tape [TB]

	London
	2454
	1996
	99
	20

	NorthGrid
	2718
	2801
	209
	332

	SouthGrid
	918
	930
	67
	8

	ScotGrid
	368
	318
	79
	0

	Total
	6458
	6045
	455
	360


Table 9: Projected resources (from institute returns) at the Tier-2 Centres in September 2004.

	Tier-2
	Number of CPUs
	Total CPU [KSI2000]
	Total Disk [TB]
	Total Tape [TB]

	London
	2800
	4286
	250
	20

	NorthGrid
	5392
	14111
	894
	1008

	SouthGrid
	1706
	3201
	265
	20

	ScotGrid
	833
	1263
	218
	0

	Total
	10731
	22861
	1627
	1048


Table 10: Projected resources (from institute returns) at the Tier-2 Centres in 2007.

In order to support these substantial investments in hardware by the Institutes we need to provide adequate manpower to run these facilities as Grid resources. These manpower requirements are summarised in the table below. Four of these posts are assumed to be already covered by the existing System Manager effort working on the Grid at the Institutes and hence we request funding for an additional 16 FTEs from PPARC. 

	Role
	FTE

	Tier Centre Experts
	 4 (taken from those below)

	Hardware Support
	 8

	Core Services
	 4

	User Support
	 2

	Specialist Support
	 6

	Total
	20


Table 11: Manpower requirements for Tier-2 Centre operation.
Tier-2 manpower allocations will be decided by GridPP based primarily on hardware committed to use by GridPP and physically in place or ordered on some agreed date (e.g. 1 June 2004). The allocations to institutes within the Tier-2 centre itself will be up to the Tier Centre management though it must be clearly understood that all posts are to support the Tier Centre as a whole. A draft MoU between the Tier-2 Centre and GridPP management is included in the Tier-2 planning document.

5.4 Summary of Tier Centre Production Services

A summary of Tier centre production services is presented in Table 12 including the current and proposed levels of manpower in each of these areas. Those funded by PPARC through GridPP and those funded through other sources and show separately. 

	Service
	Present Grid Areas
	Present FTEs

PPARC funded

(non-PPARC)
	Proposed Future Grid Areas
	Proposed FTEs

PPARC funded

(non-PPARC)

	Tier-0
	Applications 

Fabrics

Grid Technology

Grid Deployment
	24

(+142)
	Applications 

Fabrics

Grid Technology

Grid Deployment
	10

(+110)

	Tier-1


	Management

Data Services

CPU Service

UK Deployment

Middleware Support

Experiment Support

Core Services

Operations

Security

Networking
	14

(+2)
	Management

Data Services

CPU Service

UK Deployment

Middleware Support

Experiment Support

Core Services

Operations

Security

Networking
	16

(+3)

	Tier-2
	Testbed Support

Hardware Support
	4.5

(+4)
	Operations 

Hardware Support

Core Services

User Support

Experiment Support

Specialist Support
	16

(+4)


Table 12: Tier Centre Services and Manpower.
Figure 12 shows the transition from the currently deployed staff effort to the effort that GridPP2 propose to fund at the Tier centres. This is shown in comparison to the total effort required. A significant increase of effort funded at the Tier-2 centres is proposed, bringing it up to a level comparable with the Tier-1 centre, such that the total hardware requirement can be met. The Tier-0 effort proposed is part of the much larger CERN-IT division effort. This includes approximately 40 Applications FTEs and approximately 40 Fabrics FTEs, as well as the Grid Technology and Deployment effort (incorporating the proposed CERN-EGEE Operations Centre) required for GridPP2.
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Figure 12: Proposed evolution of staff effort at the Tier Centres. Note the suppressed zero indicating the CERN-IT division supporting the LCG activity. 

6. Meeting the Experiments’ Hardware Requirements

In 2004 approximately half of the UK Particle Physics total computing requirements are from LHC data challenges. By 2007, the requirements of the LHC experiments will dominate. 

In Table 13 the estimated UK CPU requirements are compared to the potential resources accessible via the Grid. It is clear that there is potentially sufficient CPU available to meet the envisaged requirements. The comparison shows that the requirement in terms of kSI2000-year can be met by the Tier-1 Centre running in a highly efficient 24/7*365 mode, augmented by a fraction of the estimated resources available at the Tier-2 centres. These requirements are dominated by Monte Carlo simulation for the LHC experiments. There are no explicit UK requirements at the Tier-0 Centre where the requirements of the LHC experiments increase rapidly after LHC start up, just beyond the period of GridPP2. 

	CPU [kSI2000]
\
Year
	2004
	2005
	2006
	2007

	Tier-1 (Planned)
	972
	1591
	2440
	4030

	Tier-2 (Estimated)
	6045
	…
	…
	22861

	Requirement
	4399
	6071
	8386
	11972


Table 13: Estimated total CPU requirement compared to the capabilities of the UK Tier centres. 

In Table 14 the estimated UK disk requirements are compared to the potential resources accessible via the Grid. In this case the plan is to replicate sub-samples of data in order to optimise data access for the end user, as discussed earlier with respect to the data hierarchy. Monte Carlo data will be generated at the large CPU centres, whereas real data must ultimately emanate from the Tier-0 centre. A large data store sufficient for the total currently envisaged data is anticipated at the Tier-1 centre.

	Disk [TB]

\
Year
	2004
	2005
	2006
	2007

	Tier-1 (Planned)
	317
	504
	781
	1221

	Tier-2 (Estimated)
	455
	…
	…
	1627

	Requirement
	369
	735
	1424
	2285


Table 14: Estimated total disk requirement compared to the capabilities of the UK Tier centres. 
In Table 15 the estimated UK tape requirements are compared to the potential resources accessible via the Grid. The requirement here is for backup as well as data archiving. The process should be one of local automated replication of data from disk to tape, with archiving of least accessed data. The  Tier-1 (and some of the Tier-2) centres will provide this functionality. The estimates are particularly uncertain in later years, dependent on the technology roadmap and the actual methods adopted by the LHC experiments. 

	Tape [TB]

\
Year
	2004
	2005
	2006
	2007

	Tier-1 (Planned)
	256
	355
	455
	555

	Tier-2 (Estimated)
	360
	…
	…
	1048

	Requirement
	376
	752
	1542
	2623


Table 15: Estimated total tape requirement compared to the capabilities of the UK Tier-1 centres.
7. Grid Development

The next phase of the Grid for Particle Physics will see a move from an era where middleware development is the major thrust of the project to one oriented toward stable production services for the client experiments. The client base of GridPP2 encompasses all Particle Physics experiments requiring large-scale computing in order to meet their scientific goals: expertise in both middleware and Grid interfaces will be essential if this vision is to be realised. Experimental Grid interfaces are required in order to realise the potential of Grid technology: experience in GridPP1 is that investment in applications posts is a key area and has led to a widening adoption and use of Grid technology by the experiments that benefited from them. In the next phase we hope to build on this success, and extend it to experiments currently not involved in using Grids. This period will see Grid usage move from prototype to serious production systems, and from the relatively simple applications like centralised Monte Carlo simulation to the more varied tasks involved in analysis jobs by individual physicists. In this vein we have considered carefully the rationale for the next phase of software development and the overall balance between software development and experimental Grid interfaces.

7.1 Middleware, Security and Network Development

The policy adopted is that GridPP2 should support software development in sectors where one or more of the following criteria are manifest.

· The development work is mission critical to the Particle Physics Grid.

· GridPP has demonstrable expertise, leadership and engagement within the global Particle Physics and/or Grid community.

· We already contribute to the wider Grid and e-Science programmes and can leverage benefit to the Particle Physics Grid and contribute to wider Grid developments. 

Five areas of development have been identified: Data & Storage Management; Workload Management; Information & Monitoring Services; Security and Networking. These are outlined below with work programmes described in detail in the planning documents (GridPP-PMB-18-Middleware and      GridPP-PMB-18-Network). Development work will evolve from that of EDG based on an annual release cycle with each cycle resulting in an improved version of the middleware providing the core Grid services. In all cases the software process is verified by an underpinning Quality Assurance process based on unit testing, build systems, development and certification testbeds before release to the production environment. This process provides the basis for industrial strength validation, verification and testing discussed with respect to Technology Transfer discussed later in this document and described more fully in the Middleware Planning Document.

7.1.1 Data and Storage Management

Modern experimental Particle Physics is, without question, a massively data-centric application area. The need to replicate, store and manage vast data sets is at the heart of the LHC challenge. Few, if any, other disciplines have the direct need to store and manipulate data on the scale of the LHC project in terms of volume and geographical span. Data and Storage Management is manifestly mission-critical to GridPP2 which must provide secure, transparent and efficient access to data regardless of where it is stored and tools to access the data by its associated metadata.

The working group, based at Glasgow (NeSC) and RAL (CLRC e-Science Centre), builds upon proven experience in the GridPP1 and EDG projects of delivering high quality software as an integral part of a large international team. The previous projects have delivered the initial data and storage management functionality to the physics experiment’s test-bed and have taken a role in establishing Grid standards in the area of data management, data access and mass storage access. However, there remain some areas of development that are critical if the experiments are to have a fully operational and functional data-Grid on the timescales of LHC.

It is recognised that this proposal is not of the size that can meet the entire data and storage management development requirements of the experiments, so these developments are seen as part of a larger effort (funded by LCG and EGEE), concentrating on the areas of previously demonstrated expertise. In particular, the proposal builds upon our close working relationship with the CERN data management team (EDG and LCG) and continuing this is seen as necessary to the success of the project. The groups are also developing similar close links with Fermilab, so that both projects can benefit from their respective developments, which bring significant experience of using Grid-like software in running experiments. Four key areas have been identified: 

· Metadata management. This work involves further development of the replication metadata systems (as part of the overall replication system) to support the richer forms of dataset selection required by the experiments and continual tracking of the experiment’s metadata needs. Building in more robust fault-tolerance, error recovery, and scalable manageability is vital to ensure that the software will perform in a full-scale operational environment.

· Support for UK mass storage sites. This is required to ensure that all UK mass storage sites are fully Grid compliant so that the experiments can take full advantage of all available storage resources. The work will involve collaboration with other projects, through the Storage Resource Management (SRM) standards, to define the Grid standards followed by their implementation upon a range of systems and storage architectures in the UK.

· Grid Replica Optimisation. The current system is conservative in terms of functionality, and there is much research and development from the previous projects that should be leveraged to improve the capabilities and performance of the system. This is vital to ensure the efficient usage of the Grid resources. The Optimisation simulator (OptorSim) that is used to develop and tune the algorithms will be developed further in order to reflect better the real data-usage patterns being collected at the running experiments. The simulator enables testing of optimisation algorithms that are of practical use to Particle Physics Grids. The optimisation work will also incorporate development of the interfaces to the Workload Management system, required to provide it with sufficient information for effective job splitting.

· Site local data management. This is a critical part of local site management in order to minimise operational overheads. It involves developing or adopting appropriate automated tools for efficient data caching, mechanisms for the Grid to reserve local output resources, and mechanisms for robust local data cleanup and is critical in order to minimise operational overheads, particularly at smaller sites. Some partial solutions exist, but they require integration with the rest of the Grid management systems.

The project will build upon experience with software frameworks and development methodologies that place testing, issue-tracking, scalability, manageability, security and robustness at the centre of the development process. Continual stress-testing and review by the experiments is ensured through links to LCG and Fermilab such that the delivered software matches their needs.

Work will continue in the GGF to develop the appropriate standards in this area. Already the partners have been visible in the Data Access and Integration Services (DAIS) and the SRM standards. This is necessary to ensure that developments here feed into the wider e-Science community, and vice-versa. It is also vital to ensure that GridPP2 influences and is influenced by these emerging commodity standards, such that when they are adopted, the migration overhead is minimised.

Workload Management

Workload management effort within the EDG is led by INFN and includes manpower at Imperial College which provides the UK based Resource Broker, and an EPSRC/PPARC funded project at London e-Science Centre (LeSC) to explore advanced scheduling infrastructures. As Grid infrastructures become widespread and the workload increases, issues such as job placement and workload balancing will become critical.

It is vital that GridPP2 retains and develops activity in the resource management area to support our immediate requirements within LCG whilst supporting longer-term research to improve the effectiveness of resource brokering within Grids. This will benefit both the wider Particle Physics community and the UK’s e-Science community in general. We propose a package of work that will maintain a brokering infrastructure for UK activities and develop expertise in its use by the UK community. This will be deployed within the UK and the wider application testbeds in order to demonstrate its suitability for use within LCG. Within this we propose to migrate the existing brokering infrastructure to the Open Grid Services Architecture by building on the existing work that is ongoing at LeSC. 

Within GridPP2 we see the further development of the resource brokering activity dividing into two parts: the deployment and maintenance of the current resource brokering infrastructure and its enhancement over time, and examination of the current workload infrastructure with a view to identifying scalability bottlenecks within the OGSA virtualised resource broker (based upon the current EDG software) and eliminating these bottlenecks within a new brokering infrastructure based around OGSA compliant Grid Services.

The London e-Science Centre will act as the co-ordinating institute with respect to GridPP2 in this activity. This will be managed in close collaboration with the Imperial College HEP Group who have expertise in the EDG Resource Brokering software. This will continue existing collaborations between the Grid Middleware group within LeSC and Grid activities in the Imperial College HEP Group. Researchers within LeSC are playing a leading role in the development of workload management architectures at the national and international level. 
The Imperial College HEP Group has led the UK involvement in the Workload Management work packages of EDG and GridPP. The same team is also involved in adapting the software frameworks of several experiments to the distributed environment of the Grid and so has a good understanding of the requirements of the user community.

7.1.2 Information & Monitoring 

A Grid Information & Monitoring Service (GIMS) is critical to the operation of any Grid. The GIMS must be highly robust so that it is always available and highly secure to protect confidentiality of information. It must be able to guarantee the provenance of information and be highly scalable to meet the needs of LCG/EGEE. 

In the last few years, with the majority of projects basing their middleware around the Globus Toolkit (Version 2 – GT2), GIMS functionality has been provided by MDS. However, with the arrival of the Open Grid Services Architecture (OGSA) and GT3 the current MDS, with its strict LDAP based hierarchical model, will be phased out.

Within the EDG project a unified approach has been followed bringing together an infrastructure to provide both for resource discovery and Grid monitoring (for both Grid middleware as well as applications). Based firmly from the outset on the GGF standards for a Grid Monitoring Architecture (GMA) a relational implementation of GMA has been developed, R-GMA. This has the virtues of supporting a richer data model (relational) enabling transparent information joins, push and pull of information and streaming of time-stamped monitoring data direct from application information producer to monitoring tool consumer. There can be little doubt that Grid Services are the way forward and that in the future, R-GMA must be compatible with GT3 as the current reference OGSA implementation. GridPP, in delivering R-GMA to the EDG as a basic GIMS infrastructure has taken a lead in this critical area of Grid Middleware. 

The UK has been asked by the EGEE Consortium to undertake the development of Grid Information & Monitoring towards the provision of robust services for a pan-European Grid infrastructure being planned to meet the needs of science applications in general (not just HEP applications). The expertise built-up under GridPP1 and EDG, led by CLRC and involving IBM, Heriot-Watt, and Queen Mary, University of London, has ensured a central role in this activity. The initial technologies of EGEE will be based on the LCG production service and hence will include R-GMA. 

The priority of this activity is to produce a robust Information & Monitoring Service for use within the LCG and EGEE communities. The GIMS should comprise:

· a robust, secure, scaleable infrastructure;

· a uniform information schema (based on standards – the current pragmatic GLUE schema, although not GGF sponsored has generated significant interest and with the support of the Globus project has enabled transatlantic interoperability to be established);

· displays tailored to the needs of different communities, system administrators, Grid administrators and end-users.
This activity will form a cluster, one of only a few around Europe (each specialising in different middleware) within EGEE. Each cluster is expected to provide effort to cover specific roles, such as cluster leader (representing the cluster in the Engineering Management Team), architect, software integrator/tester, quality assurance and documentation person and system administrator (supporting development systems and testbeds). These roles are in addition to a core development team, but are necessary to manage the overheads of formal external interfaces and to ensure high quality software.

7.1.3 Security 

Security is one of the most fundamental aspects of Grid operation, ranging from the need to manage large distributed virtual organisations down to developing truly secure Grid-oriented access to local resources within compute and storage clusters. Members of GridPP in Manchester and CLRC have clearly demonstrated expertise in these areas and have achieved leadership roles within the GGF as well as the EDG and LCG projects. The programme outlined below is pioneering in many ways and can therefore be expected to provide early and practical benefit to the wider UK e-Science community.

GridPP has an established leadership role in the coordination of Grid security across all areas of the DataGrid project. This expertise is now being applied to the LCG project via the creation and leadership of the new LCG Security group. The LCG, to which GridPP is a major contributer, is one of the first Grids to perform large-scale production quality Grid computing across major facilities from many different security domains. The move from Grid testbeds to LCG production requires many improvements and changes to the security infrastructure not only in terms of security middleware and tools, but also in policies and procedures. Virtual organisations and Institutes have to define, agree and implement robust security mechanisms and policies to enable the building and maintenance of "trust" between the various bodies involved. The LCG Security Group, with members drawn from site security officers, resource managers, experiments and security middleware experts is charged with advising the LCG Grid Deployment Board on all matters related to security. The areas to be considered include the development of policies, procedures and software for user registration, certificate authorities, VO management, authentication, authorisation, acceptable use policy, firewalls, incident response and auditing.

This proposal also concerns those aspects of Grid Security which enable users to prove their right to use local resources, remote file servers and CPU farms, and which allow sites and organisations to enforce the agreed size of the resources allocated to specific users and groups. These problems must be solved by all communities using Grids, but they will be especially difficult and important for the LCG due to the very large number of individuals involved in Particle Physics collaborations who are employed through many different organisations in many different countries. Even at the scale of the EDG project, pressing issues are apparent. For instance the usability of the EDG Testbed is currently severely limited by the absence of quota and accounting mechanisms. As such, these shortcomings put limits on the manageability and scalability of the Testbed, since resources cannot readily be reserved or allocated and can easily be exhausted during execution. This leads to unpredictable behaviour for user’s jobs, since finite resources, such as disks, fill up and programs terminate abruptly without the opportunity for the Grid systems to report what error has occurred.

The Security tasks and deliverables sections of the Middleware Planning Document (GridPP-PMB-18-Middleware) describe a programme of work occupying 4 full-time posts for the three-year duration of GridPP2. These would be placed in the Manchester High Energy Physics Group (or in the adjacent North-West e-Science Centre / Manchester Computing Centre) and at CLRC. The details of this work will be determined by the requirements of the LCG project following analysis of the available software and plans of other projects.  These are outlined in four areas:

· Local access and usage control enforcement mechanisms for permissions, quotas etc.

· Management of Virtual Organisation’s membership and members’ resource limits.

· Tools for managing Web sites and file servers subject to Grid Authorisation and Accounting.

· Tools for monitoring usage patterns on the Grid to detect intrusions, “hacking” etc.

This work will benefit greatly from co-operation with the North-West e-Science / Manchester Computing Centre's expertise in managing authorisation, limits and quotas for groups using their national supercomputing and database facilities; their leading role in the relevant Global Grid Forum working and research groups on Grid accounting (UR, RUS and GESA); and the partnership in the core           e-Science "Markets for Computational Services" project. This expertise will complement the Manchester HEP Group's existing work on Authorisation for the EDG project, and work as co-chair of the GGF Authorisation Working Group.

The Security component also proposes posts at CLRC to continue GridPP's important leadership role in LCG Grid Security. This is a major contribution of GridPP to the LCG project and it is planned that this will become an ongoing UK contribution to LHC computing through to start-up in 2007 and beyond. The activities will include working closely with the GridPP/LCG/EGEE Tier-0/-1/-2 centres, participation in GGF security working groups, strengthening the existing connections to the UK core e-Science programme and close interaction with the Grid operations teams at CLRC and elsewhere. The work-plan includes participation in the development of the necessary security tools for secure Grid operations by GridPP and other collaborating projects.

7.1.4 The Network Sector 

Members of GridPP have achieved a respected position in the national and international networking sector. This gives the community a significant influence over strategic issues, and contributes to maintaining the worldwide respect which Particle Physics commands in an area that is mission critical to Grid operations. This position has been achieved through a wide range of activities including participation in joint projects and demonstrations, Grid middleware development, high speed data transport, provision of network performance monitoring and diagnostic services, and piloting the benefits of “better than best efforts IP” services. We were also pivotal in work that has led to the inception of UKLIGHT (a new optical networking research infrastructure). We have attracted significant extra funding to these activities from outside of PPARC. The relationship between the Particle Physics community and the global research network providers has never been closer or more active, and GridPP has had a front line role in achieving this. 

All of the above are key components to the successful operation of a production Grid. However, the most important benefit comes from the direct participation we maintain in strategic activities that affect the evolution of the network - the direct contact we maintain with the providers and our participation in high-level national and international meetings. It is worth emphasising that the global research network, as with generic middleware, is a resource that cannot be supplied independently by GridPP to meet its requirements, but instead can only be supplied by a combination of national funding and a coherent international programme of co-operation. Thus the task of ensuring that this resource meets the needs of the GridPP2 Production Grid can only be performed by the activity of liaison and representation.

To underpin this representation role it is vital, efficient and timely to support this sector in the GridPP2 phase. 

· Vital because networking is ever more mission critical to Particle Physics. Without such support it will be not be possible to maintain our position of high level respect and influence, to ensure that the network services meet the needs of the Production Grid, to ensure that high performance data transport is developed for Particle Physics, or to take advantage of the very high bandwidth available through the UKLIGHT facility.

· Efficient because the evidence has been that relatively small amounts of Particle Physics support in this sector leverages significant external resources in terms of both staff posts and access to valuable network resources (e.g. MB-NG, DataTAG, SuperJANET Development Network and UKLIGHT).

· Timely as there are now several opportunities to work in new leading-edge projects that will benefit Particle Physics directly, and provide collaborations with the network providers.

The proposed activities within GridPP2 are:
· Development and deployment of pervasive network performance measurements at end hosts and throughout the network core for use by Grid resource management systems and Grid diagnostic engines (via collaboration with UKERNA, DANTE and Internet-2). 

· Practical application of high-speed data transport research to benefit Particle Physics experiments. The purpose of this task being to concentrate GridPP2 effort on the very practical aspects of bringing the knowledge that exists in the research domain into practical use by Particle Physics experiments.
· Grid network resource allocation and reservation, including bandwidth on demand service development to exploit the Geant/NREN IP Premium service and optical testbeds (collaboration with UKERNA, DANTE Internet-2, and Optical Network projects to be submitted to EU Framework VI)
· Exploitation of UKLIGHT for US-based and LHC experiments through participation in an early applications demonstrator programme. 

The tasks associated with these activities, each of which has been identified for specific technical or strategic reasons, are described and justified in detail in Network Planning Document (GridPP-PMB-25-Network). Each of these activities has been identified for specific technical or strategic reasons. Finally, it is emphasised that supporting this area maintains the concrete foundation of experience and credibility needed for GridPP personnel to continue to be involved at the highest levels in strategic issues and forums to ensure that networking developments are aligned with our needs. 

Summary of Middleware, Security and Network Services

	Service
	Present Grid Deliverables
	Present FTEs

PPARC funded

(EPSRC/PPARC funded)

[EU-funded]
	Proposed Future Grid Deliverables
	Proposed FTEs

PPARC funded

(EPSRC/PPARC funded)

[EU-funded]

	Data and Storage Management
	Metadata management

Mass storage interfaces

Replica Optimisation
	4.2

[+1.0]
	Metadata management

Mass storage interfaces

Replica optimisation

Local data management
	4.0

	Workload Management
	Deployment 

Development
	0.5

(+2.0)
	Deployment 

OGSA development
	2.5

	Security
	Policy

Deployment 

Development

Architecture
	1.1

(+2.0)
	Local access

VO management

Web site management

Intrusion detection
	4.0



	Information & Monitoring 
	Deployment 

Development
	2.5

[+3.0]
	Deployment

Development
	5.0

[+5.0]

	Network Sector
	End-to-end monitoring

Managed bandwidth studies

DataTAG
	2.6

(+2.0)

[+6.0]
	Performance measures

High-speed transport

Resource allocation

UKLIGHT demonstrator
	3.5

(+2.0)

[+2.0]

	Total
	
	10.9 (+6)[+10]
	
	19 (+2)[+7]


Table 16: Middleware, Security and Network Services. The added value numbers in parenthesis refer to FTE contributions that are directly aligned to the goals of this proposal.
Figure 13 below shows the transition from the current GridPP1 development areas based on the EDG Work Packages (WP1 – 7), to the five development areas proposed within GridPP2. The solid colours are components currently funded by GridPP1 or proposed for funding in GridPP2. The lightly shaded areas are complementary effort funded elsewhere that contributes towards common goals. The workload management development area is pivotal for a stable Grid environment and we propose to maintain the overall FTE effort in this area. The Information Services development builds on success and the level of effort proposed is necessary to leverage matching effort from EGEE. The Data Management area evolves from the EDG WP2 (Grid Data Management) and WP5 (Mass Storage Management) areas to tackle the many challenges ahead in terms of data handling and replication on the Grid. The Networking area builds on the UK’s outstanding international leadership role and buys into new initiatives. This leverages considerably external effort and whilst we have attempted to quantify this, the potential contribution is much larger than indicated. The importance of Security is recognised within GridPP and the effort we propose supports the international leadership role that the UK already holds through GridPP1 in the context of the LCG and GGF. The current WP4 effort (Fabric Management) is phased out and the LCFG development in the UK, successfully incorporated EU-wide as the EDG’s configuration management system LCFGng, will be superseded by CDB/SPMA developed at CERN for future LCG releases.
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Figure 13: Evolution of the middleware/security/networking areas from the GridPP1 effort, based upon the EDG Workpackages, to the five development areas proposed for GridPP2. 

7.2 Application Interfaces

The applications that have been implemented as part of the GridPP1 project have produced a rich mixture of experimental and computational ideas, with cross-fertilisation between collaborations. Increased co-operation between experiments to produce Grid software and use Grid middleware together has emerged. Examples of this are the co-operation between ATLAS and LHCb to produce GANGA, and the joint adoption by the two Fermilab experiments of the SAM system. In addition, BaBar is adopting the EDG software produced for the LHC experiments. Through these, GridPP has led experimental collaborations, representing a large part of the UK Particle Physics community, into early adoption of systems based on Grid technology. The wide adoption and use of Grid technology by the experiments that benefited from the applications posts funded by GridPP1 is a growing success.

The next phase will see Grid usage move from prototype to serious production systems, and from the relatively simple applications like centralised Monte Carlo simulation to the more varied tasks associated with data analysis by individual physicists. We hope to build on this success, and extend Grid usage in both depth and breadth, bringing in experiments (including several newly begun) that are currently under-involved in the Grid. 

The Grid is becoming an established part of computing activity, and the experiments are being quick to grasp at the opportunities offered for increased access to facilities and more effective ways of working. This entails involvement in the creation of middleware and its deployment, integration with experiment software and its eventual validation in live tests. 

Considerable success has been displayed in the experimental contributions on all counts, and the experiments provide the required driver and ‘reality check’ for the Grid projects. It is vital for the overall Grid development to continue this remarkable activity, knowing that the longer it continues the greater the payoffs will be. The Grid activities are summarised in Table 17. 

It can be seen from Table 17, and from the descriptions in the Applications Planning Document (GridPP-PMB-19-Applications), that there is a full programme of work following on from the existing posts. The work of these postholders to adapt existing Grid interfaces has been a major factor in the success of GridPP1 and the early adoption of Grid technology by the experiments. This has been made possible by their dedicated effort, their individual expertise (in appropriate software such as Java and Python, and Grid software such as Globus and Condor, embedded within the EDG and SAM systems), and their links with outside expertise in different environments – at CERN, Fermilab and elsewhere. We very much want to retain this body of established expertise for the next phase of the project. 

	Experiment
	Present Grid Activities
	Present Posts
	Proposed New Grid Activities

	ATLAS
	MC production

EDG integration
	2.5
	MC production

Metadata

LCG integration

Persistency and data management

	CMS
	MC production

Persistency and data management

Workload management

Monitoring
	3
	MC production

Persistency and data management

Workload management

Monitoring

	LHCb
	MC production

Metadata

Persistency
	2
	MC production

Metadata

LCG integration

Persistency and data management

	GANGA (ATLAS+LHCb)
	Common Grid user interface
	2
	Common Grid user interface

LCG integration

Monitoring

	BaBar
	Job submission

Replica catalogue

Persistency
	2.5
	Job submission

Replica catalogue

Persistency

MC production

	DØ
	MC production

SAM development
	2
	MC production

SAM deployment

	CDF
	MC production

SAM development
	2
	MC production

SAM deployment

	UKQCD
	Data access 

Job submission
	1
	Data federation

Data binding

	WP8
	Applications integration
	1
	Applications integration

	UKDMC
	
	
	MC production

Analysis

	ZEUS
	
	
	MC production

	PhenoGrid
	
	
	Metadata

	MICE
	
	
	MC production

Data handling

	ANTARES
	
	
	Data handling

	CALICE
	
	
	MC production

	LC-ABD
	
	
	Metadata

	Total
	
	18
	


Table 17: Present and Proposed Grid Activities of the Experiments.
A pattern emerges of common activities. 

· All experiments are concerned with the storage and location of their data, and in moving it and copying it between sites. Adaptation of Grid tools to particular data models is then specific to each experiment.

· Production of Monte Carlo data is an application where Grid tools are increasingly being used to streamline and co-ordinate the large numbers of CPUs (at different sites) involved in the production of the millions of events needed by today’s and tomorrow’s experiments.

· Experiments are developing interfaces (Graphical User Interfaces) to handle the bookkeeping of Grid job submission. Particle physics differs from the textbook Grid ‘application’ in that a user analysis (or MC production) entails submission not just of one job but of several hundred, which have to be monitored, the output collected, and failures resubmitted.   

· ‘Persistency’, the storage of event data on disk or tape within the Object Oriented models now becoming standard, is still being developed within a Grid environment, for which composite objects may contain member data spread across different storage systems. 

These are areas in which experiment-specific developments are needed to make general Grid middleware products usable by the community of particle physicists. Their provision as part of a coherent GridPP project provides a forum for interchange of ideas (not only through meetings but through shared posts and through communication with others on different experiments at the same institute), which is proving to be an environment that fosters successful progress. This work commenced only about one year ago: we want this progress to continue.  

In GridPP2 we propose to increase the number of posts in this area from 18 to 21. This would enable us to capitalise on existing expertise and allow new experiments to take part in building the Grid into their software systems. These posts would be allocated and managed by the GridPP PMB, after an appropriate peer review process to carefully consider the balance between experiments in terms of their size, their UK involvement, the science they produce and their track record in Grid activity.

8. Management

It is proposed that the management of the GridPP2 project develops from the successful structures and procedures employed in GridPP1. The central body will be a small executive Project Management Board (PMB) chaired by the Project Leader. The current Experiments and Technical Boards in GridPP1 will evolve to match the new emphasis on developing a production quality Grid in GridPP2. The Technical Board, which currently focuses on middleware development issues, will become a Production Grid Deployment Board (DB) and the Experiments Board, which currently focuses on the development of Grid interfaces, will become a more generic Users Board (UB). The former will determine and enact the technical responsibilities for rolling out an integrated Grid; the latter will be an advocacy group that tensions the project with the real user requirements. Finally, the existing Collaboration Board (CB) will continue as a means of strategic consultation and communication at a senior level within the community. These interactions are summarised in Figure 14. These bodies, the roles of individual members, and the interactions between them are described in more detail in the Management Planning Document (GridPP-PMB-20-Management). 
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Figure 14: Interactions between the proposed GridPP2 management structures.

The focus of this proposal is to provide the computing infrastructure for the LHC with a functionality closely tied to that of the CERN LCG Project. The GridPP Project Leader is currently a member of the LCG Project Execution Board (PEB) and the PPARC e-Science Director is a member of the LCG Project Oversight Board (POB). In addition, two GridPP PMB members currently sit on the LCG Software Computing Committee (SC2). We anticipate that the level of funding proposed in this area will allow the UK to maintain influence in the key executive and oversight areas. This representation would provide an effective management interface. 

In the context of the European Framework VI, it is anticipated that EGEE will be the main mechanism by which middleware is developed in the future. GridPP anticipates close connections with EGEE at the technical and managerial levels, through common middleware projects and the EGEE execution board.

GridPP will maintain active involvement in the InterGrid Collaboration Board that coordinates efforts to design, develop and deploy a consistent open source standards-based global Grid infrastructure for High Energy Nuclear and Particle Physics. InterGrid contains representation from the large US projects GriPhyN and PPDG, along with member from DataGrid and large European national projects and meets in co-location with the international Global Grid Forum conferences. 

9. Dissemination and Technology Transfer

9.1 Dissemination

During the current phase of GridPP1, where we are developing a prototype Grid, dissemination efforts have been inward focused, with the main emphasis being on the GridPP Web site and the provision of posters and demonstrations. Dissemination has been approached from the ground-up, led by the Chair of the Collaboration Board, with ad-hoc arrangements being put in place for specific events. It is clear that this approach has been successful in terms of communicating to those who are directly involved in the Grid but has had limited impact elsewhere. No direct funding or manpower was associated with this activity and therefore the approach has been limited to “best efforts”. 

As we move from a prototype to production, PPARC's contribution, through GridPP, to making the Grid a reality needs to be fully recognised externally by fellow academics, industry, Government and the general public. In order to do this, we believe that a full-time, professional Dissemination Officer is now required. Such a person would:

· Raise public, Government, industrial and academic awareness of Grid possibilities and Grid technologies through Web pages, brochures, press releases and organised events, including co-operation with CERN in its pro-active Technology Transfer programme.

· Extend collaborations with external (non-PPARC, non-Particle Physics) Grid projects. 

· Support a much more pro-active involvement with Industry, especially encouraging SMEs to take Grid products from us and to develop them further, rather than just buying equipment from them as now.

Full details are given in the Dissemination Planning Document (GridPP-PMB-23-Dissemination).

Dissemination will of course continue to operate at several levels with ongoing technical contact between GridPP and Astronomy and other PPARC funded communities. Establishing Tier-2 Centres with their close collaborations with local e-Science groupings and local industry will also be increasingly important to dissemination.

9.2 Technology Transfer

GridPP has a strong partnership with IBM through their collaboration on R-GMA in EDG and their association with ScotGrid. Ways of continuing and expanding this relationship will be explored. Other industrial associations are given in the Dissemination Planning Document.

A Technology Transfer working group will be set up, responsible for the industrialisation aspects of GridPP. Industrialisation means applying the current best-practice software development strategies and metrologies to Grid service and middleware developments. Within industry, the universally accepted software development strategy fully defines the software development lifecycle, which places emphasis on the importance of activities, termed Verification, Validation and Testing (VV&T), spanning the whole of the lifecycle and can be used in concert to develop higher quality and more reliable industrial systems. 

Preliminary contact indicates that this working group could be built upon experience gained by BT in many industrial projects, which conform to the IEEE VV&T standards. Industry projects are in fact highly complex systems containing components that are developed independently, both in-house and by external suppliers, and then brought together by a systems integration team. Standard industrial VV&T methodologies must be applied to Grid technology to be classed as industrial strength. However, it is expected that standards may need to evolve to support Grid middleware, emerging business models and emergence of new commercial structures such as Virtual Organisations. This standards aspect forms the core of technology transfer activities. 

10. Resource Request

10.1 Overview

The GridPP2 request is for a total of £23.1m to support a three-year project starting in September 2004. The proposal recognises the need to contribute to the LCG project at the appropriate level to access the LCG releases and support the Tier-0 infrastructure at CERN. It foresees a build up of the Tier-1 resources and operations at RAL to a level consistent with the needs of the UK experiment groups and it enables the coherent development of Tier-2 resources around the country, grouped into four regional centres through the funding of the necessary support staff. The proposal targets development work in two areas where the UK currently holds a high international profile, Security and Networking, and identifies three middleware areas critical to the success of the project. The users are integrated into the project from the outset by funding the development of the application interfaces. In order that the project may be clearly understood, it is presented in terms of three project years. Full details of the resource request across the four financial years that are overlapped, including the transition from the current GridPP1 project, are given in the final section below. An overview of the resource request is presented in the following two tables: Table 18 shows the staff effort requested; Table 19 shows the complete financial request.

	Staff Table [FTE]
	Year-1
	Year-2
	Year-3
	TOTAL

	Tier-0 (LCG Project)
	8.4
	11.8
	10.8
	31.0

	Tier-1 Centre
	17.8
	16.0
	16.0
	49.8

	Tier-2 Centres
	16.0
	16.0
	16.0
	48.0

	Application Interfaces
	21.0
	21.0
	21.0
	63.0

	Middleware/Security/Networking
	19.0
	19.0
	19.0
	57.0

	Management/Dissemination
	6.4
	6.0
	5.6
	18.0

	TOTAL
	88.7
	89.8
	88.4
	266.8


Table 18: GridPP2 staff request [FTE].
	Cost Table [£m]
	Year-1
	Year-2
	Year-3
	TOTAL

	Tier-0              Staff

                        Hardware
	0.58

0.00
	0.83

0.12
	0.80

0.12
	2.21

0.24

	Tier-1             Staff

                       Hardware
	1.34

0.83
	1.25

0.91
	1.30

1.10
	3.90

2.84

	Tier-2             Staff

                       Hardware
	0.90

0.20
	0.95

0.00
	0.99

0.00
	2.84

0.20

	Application Interfaces
	1.18
	1.24
	1.30
	3.73

	Middleware/Security/Networking
	1.43
	1.49
	1.56
	4.48

	Management/Dissemination
	0.53
	0.50
	0.47
	1.50

	Travel/Consumables
	0.34
	0.40
	0.41
	1.16

	TOTAL
	£7.33m
	£7.68m
	£8.07m
	£23.09m


Table 19: GridPP2 resource request [£m].
10.2 Tier-0 Resources

The Tier-0 Centre at CERN is seen as critical to the success of the LHC and will provide the initial processing and storage of LHC data. The LCG project is a Grid deployment project that will ensure a common set of tools for the LHC experiments and allow the integration of the tiered resources on the Grid. The UK has contributed significantly to the first phase of the LCG project and will be able to capitalise on this investment by continuing an appropriate level of funding in the second deployment phase. This level has been determined by examining (a) the recently increased funding at CERN supporting the LCG project; (b) the appropriate share for the UK; (c) the funding required by LCG in Phase 2; and (d) the past contribution made by the UK. The proposed sum has been determined in consultation with the GridPP Collaboration Board and the LCG Project Management. We believe that £2.5m is justified. This provides support primarily for staff at LCG and gives GridPP access to the   Tier-0 and the LCG deployment releases upon which the GridPP2 production programme is based. This maintains the UK in a position of influence established with the large contribution to LCG-1. No funding is assumed to be required beyond the end of the GridPP2 project.

10.3 Tier-1 Resources

A Tier-1 Centre with the required functionality based on the current infrastructure at RAL would require 16 FTE per year. In addition 3 FTE will be provided by CLRC to support this service. This would be sufficient to provide a 24/7x365 service giving the level of data service support needed at the Tier-1. It would not, however, include overnight call-out cover and hence does not include all aspects of support contained in the formal Tier-1 definition. Currently there are 14 FTE working in this area at RAL so the proposed increase in staff is modest. A survey of the hardware requirements of the UK experiments has been used to determine the appropriate level of hardware. Our working model is that approximately half of the hardware is located at the Tier-1 Centre and the remaining half is distributed across the Tier-2 centres. We differentiate between the Tier-1 and Tier-2 centres in terms of the overall level of service and emphasis on the data service at the Tier-1.

The Tier-1 is expected to provide the primary deployment role internationally for LHC and all other major Particle Physics experiments. The total cost of the Tier-1 contained in Table 19 is £2.84m for hardware plus £3.90m for staff, giving a total cost of £6.74m. It should be noted that the running costs beyond the end of any GridPP2 project will be significant: it is assumed that this staffing level will be required to provide continuing support and that hardware will need to be replenished or added at an appropriate rate beyond GridPP2. The slightly higher effort requested in the first year of the project reflects the projected shortfall in GridPP1 funding in this area at the start of the 2004/05 financial year.

10.4 Tier-2 Resources

In our planning, the Tier-2 centres provide resources equivalent to the proposed Tier-1 Centre. Hardware for the Tier-2s is assumed to come from external sources through the Higher Education Funding Councils. However, as shown in Table 19, a small amount of hardware is included in the first year of the project to fund equipment needed to give the Tier-2 centres a common interface to the   Tier-1. The GridPP2 request for staff at Tier-2 centres is 16 FTE per year that matches the staff request for Tier-1. It is estimated that the total requirement is 20 FTEs, so potential Tier-2 sites will need to secure additional support through the institutes involved. The 16 staff will be allocated on the basis of the hardware provided and the specific expertise required at each centre. Our Tier-2 survey indicates that there are very significant resources existing within the Institutes and some Tier-2 centres may even be able to offer access to more hardware than is available through the Tier-1. However, we anticipate a different level of service at Tier-2 centres and feel it is important to maintain our balance between funding for Tier-1 and Tier-2 staff. It is noted that the 16 Tier-2 posts proposed would need to be funded beyond the end of a GridPP2 project. These posts effectively perform the required system management tasks that are widely recognised as missing from the current programme and which will be required to maintain a stable Grid in the LHC era.

In summary, in order to support physics analysis at all UK experimental Particle Physics institutes and to maximise the non-PPARC funded computing equipment available to the UK Particle Physics Grid, we request support for 16 FTE of manpower to operate the four UK Tier-2 Centres. The cost over 3 years will be £2.84m. This is essential for the integration of the Tier-2 Centres onto the UK Grid. The total cost of the proposed Tier-2 programme is £3.04m. This more than doubles the resources available through the Tier-1 Centre, although at a reduced service level. The different staffing costs between the Tier-1 and Tier-2 centres reflect different pay scales. 

10.5 Application Interfaces
The goal of GridPP2 is to provide a production quality Grid by 2007 that can be used in a convenient and stable manner by the whole UK HEP community. It is imperative that GridPP invest resources in ensuring that the applications that are being developed can run on the Grid and that common solutions are adopted where possible. By continuing to fund the interface area between the Grid and the Applications, GridPP maintains an important channel of communication and leverage with which to ensure that both areas develop in harmony. In the present project, GridPP1 funds 18 FTE per year in this area. We propose to increase this to 21 FTE per year in GridPP2 to enable the inclusion of additional applications beyond those presently supported. Whilst there will be no automatic extension of the present positions without proper review, there is now established expertise at this important interface and it is anticipated that GridPP would continue to support the current applications. Costed at the University rate, this level of effort for three years corresponds to £3.73m.

10.6 Middleware, Security and Networking

At present, approximately 22 FTE in the UK contribute to the development of middleware in the framework of the EDG work packages. This does not include effort in the WP6 (testbed) and WP8 (applications) work packages. In the GridPP2 project, five areas have been targeted for development in the UK. Three of these are classified as Middleware, one as Security, and the final one as Networking. It should be noted that in one of the middleware areas, Information Services, the request for 5 FTE is a strategic decision to receive a matching contribution from the EGEE project. The total request across the five areas is for 19 FTE per year (the detailed breakdown is given in the Middleware section above) corresponding to a total of £4.48m. These posts were costed at the CLRC rate.

10.7 Management, Dissemination and Operations

Six positions have been identified in the proposal that will require full time funding. Four of these are management (Project Leader, Deputy Leader, Project Manager, and Chair of the Deployment Board); the remaining two are the Operations Manager, discussed in Section 3.3 and the Dissemination Officer discussed in Section 9.1. In the planning, it has been assumed that the three-year position of Dissemination Officer commences in April 2004 rather than in September 2004 when the project formally commences. Thus, Table 18 does not show a uniform request of 6 FTE across the three project years. The total cost of these posts is £1.50m including a budget of £30k/year for dissemination activities.

10.8 Travel and Consumables

Current experience within GridPP has allowed us to make an accurate estimate of the required travel budget based on the number of people supported by the project. This budget supports travel within the UK; participation in international events such as the Global Grid Forum; and tri-annual GridPP collaboration meetings. Further details are given in the Travel Planning Document (GridPP-PMB-21-Travel) Learning from the current GridPP1 project, we have proposed a consumables budget line of £30k/year to enable the purchase of smaller items such as computers to host the Web site, laptops for new staff etc. The total request for travel and consumables contained in Table 19 is £1.16m. 

10.9 Resource Request Details and Interface Issues

In this section, the resource request presented in Table 18 and Table 19 above is re-presented according to financial year (FY) rather than project year, and embedded in a larger plan that includes the final year of the current GridPP1 funding and a first look at the implications for the exploitation phase beyond the proposed GridPP2 project. The assumptions made about staff costs are contained in Table 20. The CLRC rates are the projected average staff costs at CLRC for FY03 to FY05, scaled thereafter by a 4% inflation factor (the current planning figure). The University rate for FY03 is estimated from the cost of a spine point-13 appointment plus 25% of the London allowance (about 25% of GridPP1 staff are in the London area) plus 46% overheads. Beyond FY03, this number is scaled up by 5% per annum which is the planning figure currently used by PPARC. It must be stressed that the planning is on the basis of no future increase in percentage overheads. Any such changes will have a large effect across all areas funded by PPARC and would have to be addressed more generally. The CERN rates are based on an assumption of 150kCHF per annum at an exchange rate of 2.24 CHF/£ with a 4% inflation factor.

	Staff Costs [£k]
	FY03
	FY04
	FY05
	FY06
	FY07
	FY08

	CLRC Staff
	71.2
	74.1
	77.0
	80.1
	83.3
	86.6

	University Staff
	52.6
	55.2
	58.0
	60.8
	63.9
	67.1

	CERN Staff
	62.0
	67.0
	69.7
	72.5
	75.4
	78.4


Table 20: Staff Cost Assumptions.

In the planning, all staff in the Applications and Tier-2 lines have been costed at the University rate. The Tier-1, Middleware/Security/Networking, and the management staff have been costed at the CLRC rate. This is not intended to prejudice the final appointments but simply reflects the dominant distribution in the current project. The Tier-0 staff are costed at the CERN rate.

The full picture is presented in Table 21 below. The relationship between the numbers in Table 21 with respect to Table 18 and Table 19 can be understood when defining the start of GridPP2 as September 2004. Thus, “Year-1” of the project in Table-2 corresponds to the GridPP2 FY04 column plus 5/12ths of the FY05 column in Table 21, etc. The numbers listed in Table 21 under the heading GridPP1 are included to help understand the transition. However, they are not an exact representation of the current project because they included some positions not directly funded within the current project. The GridPP1 numbers in FY04 include consideration of the variation in start/finish dates of the current posts. It would be prudent for a modest contingency to be available in order that GridPP2 could react to large changes in the external environment. The process of management also requires some form of working allowance in the project to allow flexibility within the project definition. We propose that the Tier-1 hardware line is used for this purpose and that up to 10% of this could be redirected, after due process, if required.

Table 21 is divided into two parts: Above the line labelled “Project Total” are all the elements required to achieve the project goals. Below this line, a number of items are assumed to be funded from other sources and these are subtracted to arrive at the “GridPP2 Total” in the bottom line. A number of  assumptions are made:

1. The Tier-2 hardware is funded through Higher Education Funding Council mechanisms such as SRIF and JREI. A nominal figure of £1m per year has been included in the spreadsheet above and below the line. This figure represents the approximate value of hardware that the Tier-2 consortia have indicated will become available costed at the Tier-1 hardware rates. In practice, the amount of money spent is likely to be considerably larger.

2. The Tier-2 consortia will fund any increase in staff required over the 16 FTE/year that GridPP2 has proposed. This is included above and below the line as 4 FTE/year. CLRC have indicated that they will fund 3 FTE/year at the Tier-1 and this is included below the line.

3. The EGEE project will contribute 5 FTE/year in the middleware area. If this assumption proves wrong, GridPP2 would re-evaluate the distribution of posts in this area. (The EGEE funding at CERN is not considered here). In addition, it is assumed that 1.5 FTE working in the Networking areas will be funded externally.

4. The experiments will bid against the PPARC e-Science call for applications development. GridPP has performed a preliminary survey to establish an estimate of the level of support required. This is included above and below the line in Table 21. 
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Staff Table (FTE)

Tier-0 (LCG) staff

24.00

24.00

3.00

27.00

13.00

10.00

5.00

0.00

5.00

0.00

31.00

Tier-1 Staff 

14.10

4.00

12.92

16.92

19.00

19.00

7.92

8.08

16.00

16.00

58.83

Tier-2 Staff

6.50

1.21

11.67

12.88

20.00

20.00

8.33

9.33

17.67

16.00

60.00

Application Interface Staff

18.00

12.69

12.25

24.94

21.00

21.00

8.75

4.67

13.42

8.00

63.00

Application Development Staff

0.00

0.00

23.00

23.00

46.00

46.00

23.00

11.50

34.50

23.00

138.00

Middlewr/Security/Netwk Staff

21.90

6.00

14.88

20.88

25.50

25.50

10.63

5.83

16.46

10.00

76.50

Dissemination Staff

0.00

0.00

1.00

1.00

1.00

1.00

0.00

0.00

0.00

0.00

3.00

Operations Manager

0.00

0.00

0.58

0.58

1.00

1.00

0.42

0.58

1.00

1.00

3.00

Management Staff

4.50

1.88

2.33

4.21

4.00

4.00

1.67

0.00

1.67

0.00

12.00

Total Staff Effort

89.00

49.78

81.63

131.40

150.50

147.50

65.71

40.00

105.71

74.00

445.33

Cost Table

Tier-0 (LCG) staff

£1,488,000

£1,608,000

£201,000

£1,809,000

£905,840

£724,672

£376,829

£0

£376,829

£0

£2,208,341

Tier-0 Hardware

£725,000

£520,800

£0

£520,800

£120,000

£120,000

£0

£0

£0

£0

£240,000

Tier-1 staff

£1,003,920

£296,400

£957,125

£1,253,525

£1,463,000

£1,521,520

£659,325

£673,206

£1,332,531

£1,385,832

£4,600,970

Tier-1 Hardware

£820,000

£0

£832,000

£832,000

£905,000

£1,001,000

£100,000

£400,000

£500,000

£500,000

£2,838,000

Tier-2 staff

£341,666

£66,783

£643,909

£710,692

£1,159,037

£1,216,988

£532,432

£596,324

£1,128,757

£1,073,384

£3,552,367

Tier-2 Hardware

£0

£0

£1,200,000

£1,200,000

£1,000,000

£1,000,000

£0

£700,000

£700,000

£500,000

£3,200,000

Application Interface Staff

£946,152

£700,389

£676,105

£1,376,494

£1,216,988

£1,277,838

£559,054

£298,162

£857,216

£536,692

£3,729,985

Application Development Staff

£0

£0

£1,269,421

£1,269,421

£2,665,784

£2,799,073

£1,469,514

£734,757

£2,204,270

£1,542,989

£8,203,792

Middlewr/Security/Netwk staff

£1,559,280

£444,600

£1,102,238

£1,546,838

£1,963,500

£2,042,040

£884,884

£485,819

£1,370,703

£866,145

£5,992,662

Dissemination

£0

£0

£104,100

£104,100

£107,000

£110,080

£0

£0

£0

£0

£321,180

Operations Manager

£0

£0

£43,225

£43,225

£77,000

£80,080

£34,701

£48,582

£83,283

£86,615

£235,006

Managers

£320,400

£138,938

£172,900

£311,838

£308,000

£320,320

£138,805

£0

£138,805

£0

£940,025

Consumables

£0

£0

£17,500

£17,500

£31,200

£32,448

£14,061

£0

£14,061

£0

£95,209

Travel

£220,000

£150,000

£160,405

£310,405

£362,877

£377,392

£161,749

£122,250

£283,999

£191,826

£1,062,423

PROJECT TOTAL

£7,424,418

£3,925,909

£7,178,928

£11,305,837

£12,285,226

£12,623,452

£4,931,356

£4,059,100

£8,990,455

£6,683,483

£37,219,961

Subtract:

Tier2 hardware (SRIF etc)

£0

£0

£1,000,000

£1,000,000

£1,000,000

£1,000,000

£0

£700,000

£700,000

£500,000

£3,000,000

Tier-1 Staff CLRC funded)

£263,440

£92,625

£129,675

£222,300

£231,000

£240,240

£104,104

£145,746

£249,850

£259,844

£705,019

Tier-2 Staff (Institute funded)

£105,128

£45,994

£128,782

£174,775

£231,807

£243,398

£106,486

£106,486

£710,473

Middleware Staff(EU funded)

£284,800

£0

£216,125

£216,125

£385,000

£400,400

£173,507

£173,507

£1,175,032

Network Staff (non GridPP2)

£71,200

£30,875

£64,838

£95,713

£115,500

£120,120

£39,932

£39,932

£340,390

EPSRC funded

£427,200

£0

£0

£0

£0

£0

£0

£0

£0

Application Development Staff

£0

£0

£1,269,421

£1,269,421

£2,665,784

£2,799,073

£1,469,514

£1,469,514

£8,203,792

GridPP2 TOTAL

£6,272,650

£3,756,416

£4,370,087

£8,327,503

£7,656,135

£7,820,221

£3,037,812

£3,213,354

£6,251,167

£5,923,639

£23,085,255

FY 07-08

Table 21: Detailed planning table. Staff effort [FTE] and costs [£m] are presented as a function of financial year. The columns marked in yellow (orange) [turquoise] refer to GridPP2 (GridPP1) [Exploitation]. FY 04-05 (FY 07-08) is a transition year from GridPP1 (GridPP2) to GridPP2 (Exploitation) with each component highlighted separately and totals marked in grey. Financial resources from elsewhere are incorporated into the total effort/cost and subtracted below the project total line to give the GridPP2 total. 
Continuing support will be required for the Grid through the exploitation phase. Some explicit comments have been made earlier in this section. The last columns of Table 21 show one scenario. The exact level and distribution of resources required will need further discussion but it is essential that something of this magnitude is built into the PPARC roadmap. This is currently included in the roadmap at approximately £6m per year, and incorporated into the “LHC exploitation” line. In addition to the proposed funding for GridPP2 there is an additional component funding the Applications’ own software developments that are included in Figure 15 below. 

10.10 Resource Request Summary

The total request for GridPP2 is £23.1m over three years. The resources required have been defined from the bottom-up based on analysis of the minimum requirements for a project of the scope and functionality described. To understand the transitions issues, these requirements have been embedded in the large picture shown in Table 21, but have been summarised as a 3-year project as presented in Table 18 and Table 19. The roadmap derived from Table 21 is shown in Figure 15 below and a pie chart showing the proposed GridPP2 elements together with the externally funded components is shown in Figure 16. 

The roadmap shows that GridPP2 would be a balanced programme over three years. The last full financial year of the current GridPP1 programme is a £6.6m project. There is an increase of about £1m to GridPP2 that is then fairly constant for the duration of the project in terms of Project Years (see Table 19). This is slightly distorted when spread across four financial years in Table 21 and Figure 15. At the end of the proposed GridPP2 project, continued support for the Grid infrastructure will be required; our model shows this to be around £5m/year, not including any continued support for application development. 
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Figure 15: GridPP2 roadmap – the solid elements refer to the GridPP2 funding proposal and the hatched areas are the associated elements funded from elsewhere. The amounts are plotted as a function of financial year (e.g. 2003 = FY03/04). 
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Figure 16: GridPP2 pie chart – the solid elements refer to the GridPP2 funding proposal and the hatched areas are the associated elements funded from elsewhere. The percentages refer to the total including the associated elements. 

The GridPP2 proposal should not be seen in isolation. Including the externally funded components it is part of the £37m three-year programme presented in Figure 16. GridPP2 underpins LHC core application development in the UK. It also builds upon the hardware provided by the Institutes that form the Tier-2 centres. The pie chart shows a balance between investments in the three levels of Tier centre and a similar balance between the GridPP2 technical development area and the interfacing of the applications to the Production Grid. We have looked in detail at the resources necessary to deploy a Production Grid sufficient to meet the LHC computing challenge and provide UK physicists with a world-class facility with which to exploit the LHC physics potential.

11. Conclusion

We request £23.1m to fund a three-year project, GridPP2. This will provide a Production Grid incorporating access to the Tier-0 Centre at CERN and the LCG deployment releases; the UK Tier-1 Centre; integration of four distributed Tier-2 centres; technical development in Middleware, Security and Networking; and, Grid integration of the experiments. The project is in direct support of PPARC's highest priority science programme, the LHC.

12. Appendix

The Planning Documents provide additional details in each area of GridPP2.
12.1 Tier-0 Planning Document

GridPP-PMB-15-Tier0 describes the current status of LCG Phase 1, outlines the planning, human resources and materials costing for the installation and commissioning of the LHC offline computing systems. A proposal for a GridPP2 contribution towards the costs of LCG Phase 2 is presented.

12.2 Tier-1 Planning Document

GridPP-PMB-16-Tier1 describes the services planned for the Tier-1 Centre at RAL, the hardware plans and the staff support required. It also positions the Tier-1 in a UK and international context.
12.3 Tier-2 Planning Document

GridPP-PMB-17-Tier2 describes the rationale behind the Tier-2 Centre planning, the current and future hardware resources at the four centres, their proposed management structures and relationship with GridPP2, and presents a proposal for GridPP2 to fund manpower support at the Tier-2 Centres.

12.4 Middleware Planning Document

GridPP-PMB-18-Middleware describes a programme of future middleware development that is targeted upon areas that are mission critical to Particle Physics operations, where GridPP has particular strengths and leadership, and synergies exist between GridPP and the wider community. This programme includes data management, workload management, information services and security. Technology transfer is discussed in this context.
12.5 Applications Planning Document

GridPP-PMB-19-Applications describes the achievements of the applications in the GridPP1 programme. In particular, the areas of co-operation fostered by GridPP are highlighted. The experiments outline a continuing programme of work and describe new activities. 

12.6 Management Planning Document

GridPP-PMB-20-Management describes the management proposed for the project. Terms of reference for the boards envisaged are provided, along with descriptions of ten key roles within the project. The document also illustrates the management tools that have been developed for GridPP1 and proposes these as the basis for managing GridPP2.
12.7 Travel Planning Document

GridPP-PMB-21-Travel describes the proposed travel budget for GridPP2 and shows the travel budget monitoring from GridPP1.
12.8 Hardware Requirements Planning Document

GridPP-PMB-22-Hardware describes the current estimates of the computing needs of the experiments. These include not only the requirements of the LHC experiments but also those of experiments currently taking data as well as phenomenology. Uncertainties are discussed and the current usage of the prototype Tier-1 centre at RAL and other resources around the UK are highlighted. 
12.9 Dissemination Planning Document

GridPP-PMB-23-Dissemination outlines the increased importance of dissemination in GridPP2, describes our current dissemination activities and future plans and presents a proposal for a full time GridPP Dissemination Officer.

12.10 From Testbed to Production Planning Document

GridPP-PMB-24-Production describes the plans for converting the existing prototype into a production quality grid involving all UK Institutes. It defines the main players, the management plan and the structure to be deployed.
12.11 The Network Sector Planning Document

GridPP-PMB-25-Network describes the benefit to GridPP of close involvement with network provision and developments. A programme of work is proposed which gives the GridPP a significant influence over strategic issues in an area that is mission critical to Particle Physics. Activities include liaison and participation in joint projects with the research network providers, high-speed data transport, provision of better than best efforts services, and pilot use of the new UKLIGHT facility.
Tier Centre Definitions

The following is taken from the LCG RTAG 6 on Regional Centre Category and Service Definition. 
A possible categorisation scheme for regional centres could be based on service qualities as follows:

12.11.1 Tier-1

* CPU cycles (Grid enabled computing elements), advance reservation

* Disk storage, resident and temporary (Grid enabled storage elements), advance reservation

* Mass storage (Grid enabled storage elements), advance reservation

* State-of-the-art network bandwidth, quality of service

* Commitment to provide access to primary/master copy of data over lifetime of LHC

* Commitment to provide long-term access to specific analysis data

* Commitment to resource upgrades as required

* 24/7 services and resource support

* National support role

* Training and user support

* Interactive support for particular applications

12.11.2 Tier-2

* CPU cycles (Grid enabled computing elements)

* Disk storage, maybe temporary only (Grid enabled storage elements)

* May have mass storage

* Sufficient network bandwidth for inter-operability

* A weaker commitment to provide access to data over LHC lifetime

* A weaker commitment to provide long-term access to specific analysis data

* A weaker commitment to resource upgrades 

* Focused user support

* 24/7 service but with no guaranteed short-time "crash" response

12.11.3 Tier-3

* CPU cycles (Grid enabled computing elements)

* Local storage (not necessarily Grid enabled)

* Focused commitment to data access or resource upgrade

* Only local user support

* Focused services for agreed and day-by-day analysis activities

* Local interactive support

12.11.4 Tier-4

* Enable Grid access

* Provide experiment specific tools

12.12 External Roles

	Name
	Organisation 
	Role
	Period

	R. P. Middleton
	DataGrid
	Chairman of Project Management Board
	1/1/02-31/12/02

	G. McCance
	DataGrid
	Deputy Manager of WP2 Grid Data Management
	1/2/03- present

	A. T. Doyle
	DataGrid
	Deputy UK Representative on Project Management Board
	1/9/01-present

	D. Kelsey
	DataGrid
	Leader of Certificate Authorities Group
	1/10/00-present

	D. Kelsey
	DataGrid
	Leader of Security Coordination Group
	1/3/01-present

	F. Harris
	DataGrid
	LHCb coordinator within WP8
	1/1/01-15/7/02

	S. Fisher
	DataGrid
	Manager of WP3 Information Services and Monitoring
	1/8/01- present

	J. Gordon
	DataGrid
	Manager of WP5 Mass Storage Management
	1/4/00-present

	F. Harris
	DataGrid
	Manager of WP8 Applications
	15/7/02- present

	J. Jensen
	DataGrid
	Member of Certificate Authorities Group
	1/6/02-present

	F. Harris
	DataGrid
	Member of EDG Technical Board
	1/1/01-present

	J. Gordon
	DataGrid
	Member of EDG Technical Board
	1/1/01-present

	J. Jensen
	DataGrid
	Member of Security Coordination Group
	1/4/02-present

	S. Burke
	DataGrid
	Member of WP8 Technical Working Group
	1/11/01-present

	D. Kelsey
	DataGrid
	Security Representative on Architecture Task Force
	1/2/01-31/8/01

	R. P. Middleton
	DataGrid
	UK Project Manager 
	1/1/01-31/12/03

	R. P. Middleton
	DataGrid
	UK Representative on Project Management Board
	1/1/01-31/12/03

	P. Millar
	DataGrid
	WP2 Member of Integration Team
	1/11/02- present

	J. Jensen
	DataGrid
	WP5 Member of Architecture Task Force
	1/4/02-present

	T. Folkes
	DataGrid
	WP5 Member of Architecture Task Force
	1/8/00-31/3/02

	R. Tam
	DataGrid
	WP5 Member of EDG Quality Group
	1/8/02-present

	O. Synge
	DataGrid
	WP5 Member of Integration Team
	1/12/01-present

	R. Tam
	DataGrid
	WP5 Member of Integration Team
	1/4/03-present

	S. Burke
	DataGrid
	WP8 Member of Integration Team
	1/11/01-present

	R. P. Middleton
	EGEE
	EGEE-UK deputy representative on Executive Committee
	1/1/03-present

	P. Clarke
	e-Science
	Deputy Chair Grid Network Team
	1/9/01-1/4/03

	M. A. Parker
	e-Science
	Director of the Cambridge e-Science Centre
	1/9/01-30/9/05

	A. T. Doyle
	e-Science
	Member of eDIKT Scientific Advisory Board
	28/1/03-present

	P. Clarke
	e-Science
	Member of JISC Committee for Networking
	1/1/02- present

	A. T. Doyle
	e-Science
	Member of JISC Committee for Support of Research
	11/3/02-present

	A. T. Doyle
	e-Science
	Member of NeSC Executive Board
	1/9/02- present

	P. Clarke
	e-Science
	Member of PPARC Grid Steering Committee
	1/6/01-1/6/03

	D. Kelsey
	e-Science
	Member of UK Core Programme Security Task Force
	1/5/02-present

	J. Jensen
	e-Science
	Member of UK Core Programme Security Task Force
	1/5/02-present

	A. McNab
	GGF
	Co-Chair of Authorization Working Group
	1/6/02-present

	S. Fisher
	GGF
	Co-Chair of Grid Information Services Area (RGIS-RG)
	1/1/02- present

	P. Clarke
	GGF
	Member of GGF Steering Committee
	1/6/02- present

	A. T. Doyle
	InterGrid
	Member of HENP InterGrid Collaboration Board 
	9/1/02-present

	R. P. Middleton
	InterGrid
	Member of HENP InterGrid Collaboration Board 
	9/1/02-present

	D. Kelsey
	LCG
	Leader of Security Group
	1/3/03-present

	N. H. Brook
	LCG
	LHCb Representative on LCG SC2
	1/10/02-present

	A. T. Doyle
	LCG
	Member of LCG Project Execution Board 
	6/9/02-present

	D. Kelsey
	LCG
	Security Technical Expert, Grid Deployment Board
	1/10/02-28/2/03

	J. Gordon
	LCG
	UK Representative on LCG Grid Deployment Board
	1/10/02-present

	J. Gordon
	LCG
	UK Tier-1 Representative on LCG SC2
	1/4/02-present

	R. St Denis
	PP
	CDF Data Handling Project Co-Leader
	1/5/03-present

	P. Clarke
	PP
	Chair Particle Physics Networking Coordinating Group
	1/3/97- present

	R. St Denis
	PP
	Fermilab SAM project co-leader
	1/5/03-present

	F. Harris
	PP
	LHCb Grid Coordinator
	1/1/00-15/7/02

	N. H. Brook
	PP
	LHCb Offline Computing Coordinator
	1/3/03-present

	S. L. Lloyd
	PPARC
	Chairman of Computing and Networking Advisory Panel
	1/9/01-30/9/02

	P. Watkins
	PPARC
	Chairman of Computing and Networking Advisory Panel
	1/10/02-present

	D. Britton
	PPARC
	Member of Computing and Networking Advisory Panel
	1/10/02-present


12.13 Publications 

Many of these papers were written in conjunction with other Grid projects such as the European DataGrid, the UK e-Science programme, or the US PPDG and GriPhyN projects. 

Overviews

[1] “From Web to Grid”, S. L. Lloyd, Public Service Review: Central Government, Spring 2003. 

[2] “From Web to Grid”, S. L. Lloyd, Public Service Review: Department of Trade and Industry, Winter 2003. 

[3] “GridPP - Project Elements”, A. T. Doyle, UK e-Science All Hands Conference, Sheffield, September 2002.

[4] “GridPP - Developing an Operational Grid“, D. J. Colling, UK e-Science All Hands Conference, Sheffield, September 2002.

[5] “European DataGrid Project: Experiences of Deploying a Large Scale Testbed for e-Science Applications”, F. Gagliardi, R. Jones, M. Reale, S. Burke, in Performance Evaluation of Complex Systems: Techniques and Tools, M.C. Calzarossa, S. Tucci (Eds.), Perf 2002, (Springer Verlag, Lecture Notes in Computer Science), September 2002.

Data and Storage Management

[6] “The Multipurpose Computer Centre - Is it Possible?”, J.C. Gordon and R.A. Sansum, CHEP 2003, La Jolla, California, March 2003. 

[7] “Grid Data Management in Action: Experience in Running and Supporting Data Management Services in the EU DataGrid Project”, A. P. Millar et al, CHEP 2003, La Jolla, California, March 2003.

[8] “Next-Generation EU DataGrid Data Management Services”, G. McCance et al, CHEP 2003, La Jolla, California, March 2003.

[9] “Evaluation of an Economy-Based File Replication Strategy for a Data Grid”, W. H. Bell, D. G. Cameron, R. Carvajal-Schiaffino, A. P. Millar, K. Stockinger, F. Zini, International Workshop on Agent based Cluster and Grid Computing, CCGrid 2003, Tokyo, Japan, May 2003, IEEE Computer Society Press.

[10] “Grid Database Service Specification”, A. Krause, S. Malaika, G. McCance, J. Magowan, N. Paton, G. Riccardi, GGF7, Feb 2003.

[11] “Simulation of Dynamic Grid Replication Strategies in OptorSim”, W. H. Bell, D. G. Cameron, L. Capozza, A. Paul Millar, Kurt Stockinger, and Floriano Zini. In Proc. of the 3rd Int'l. IEEE Workshop on Grid Computing (Grid2002), Baltimore, USA, November 2002. (Springer Verlag, Lecture Notes in Computer Science).

[12] “Grid Database Service Specification”, A. Krause, S. Malaika, G. McCance, J. Magowan, N. Paton, G. Riccardi, GGF6, October 2002.

[13] “Enabling Access to Mass Storage Systems”, J. Gordon, J. G. Jensen, O. Synge, UK e-Science All Hands Conference, Sheffield, September 2002.

[14] “Project Spitfire - Towards Grid Web services databases”, W. H. Bell, D. Bosio, W. Hoschek, P. Kunszt, G. McCance, M. Silander, UK e-Science All Hands Conference, Sheffield, September 2002.

[15] “Studying Dynamic Grid Optimisation Algorithms for File Replication”, W. H. Bell, D. G. Cameron, R. Carvajal-Schiaffino, A. P. Millar, K. Stockinger, and F. Zini, UK e-Science All Hands Conference, Sheffield, September 2002.

[16] “Project Spitfire - Towards Grid Web Service Databases”, W. H. Bell, D. Bosio, W. Hoschek, P. Kunszt, G. McCance, M. Silander, July 2002. 

[17] “Simulation of Dynamic Grid Replication Strategies in OptorSim”, W. H. Bell, D. G. Cameron, L. Capozza, A. P. Millar, K. Stockinger, F. Zini, June 2002. 

[18] “Grid Enabled Relational Database Middleware”, W. Hoschek and G. McCance, GGF3, Frascati, Italy, October 2001. 

Configuration Management

[19] “Towards automation of computing fabrics using tools from the fabric management workpackage of the EU DataGrid project”, P. Anderson et al, CHEP 2003, La Jolla, California, March 2003.
Workload Management

[20]  “The EU DataGrid Workload Management System: towards the second major release”, D. Colling et al, CHEP 2003, La Jolla, California, March 2003.
[21] “The first deployment of workload management services on the EU DataGrid Testbed: feedback on design and implementation”, D. Colling et al, CHEP 2003, La Jolla, California, March 2003.
Information & Monitoring

[22] “R-GMA: First results after deployment”, R. Byrom et al, CHEP 2003, La Jolla, California, March 2003.

[23] “R-GMA: A Relational Grid Information and Monitoring System”, WP3, 2nd Cracow Grid Workshop, Cracow, December 2002.

[24] “DataGrid Information and Monitoring Services Architecture: Design, Requirements and Evaluation Criteria”, WP3 Technical Report, DataGrid, 2002.

[25] “R-GMA: A Grid Information and Monitoring System” WP3, UK e-Science all hands conference, Sheffield, 2-4 September 2002

[26] “Time, information services and the Grid”, B. Coghlan, A. Djaoui, S. Fisher, J. Magowan, M. Oevers. In K D Oneill and B J Read, editors, BNCOD 2001 - Advances in Database Systems, number RAL-CONF-2001-003 in RAL-CONF. BNCOD, 2001.
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May 29, 2003

Prof. Steve Lloyd

Department of Physics

Queen Mary, University of London

Mile End Road

London E1 4NS  UK

Dear Prof. Lloyd:


I am writing as the chairman of the international grid coordination organization known as HICB (HENP Intergrid Coordination Board).  Tony Doyle has asked me to look at an advanced draft of the Proposal "GridPP2: From Prototype to Production".  I have done that and am writing to convey my enthusiasm for the project.  As you know, there have been several grid projects worldwide in the last few years that have been working to bring the vision and promise of the grid approach to distributed computing and data access to high energy physics and many other disciplines.  HEP has committed itself to using grids to the point where success in grid development and deployment is essential to the success of the LHC experiments and is being rapidly incorporated into the present generation of running experiments.


While the grid effort is international, with projects including the Data Grid in Europe and the Trillium projects (PPDG, GriPhyN, and iVDGL) in the U.S., the engagement and accomplishments of the U.K. have been particularly notable through participation in Data Grid, GridPP1 and the LHC Computing Grid project, and the broader e-Science program in the country.  With LHC data taking planned to begin in early 2007 and full operation of the experiments with cosmic rays at least in the latter part of  2006, projects to actually install production grids and make them work are urgently needed.  Although others will necessarily follow quickly, moving GridPP2 forward as proposed will keep the U.K. in the forefront of making the grid work both in general and particularly for high energy physics.


Since I am writing as chairman of HICB, I should note the continuing need to keep the many grid projects working together.  The leaders of GridPP and other U.K. grid efforts have been enthusiastic participants in HICB and LCG and I look forward to continuing to work with them.  When GridPP2 is funded, it will be an important trailblazer in the next crucial step in grids for HEP.  I wish you all success.

[image: image21.wmf] 




Sincerely,




Lawrence E. Price




Chairman, HICB


National e-Science Centre

15 South College Street

Edinburgh EH8 9AA UK

Tel: +44 (0)131 651 4040
Fax: +44 (0)131 650 9819

e-mail: mpa@nesc.ac.uk

 www: http://www.nesc.ac.uk
Professor Steven Lloyd

Department of Physics
Queen Mary, University of London
Mile End Road
London
E1 4NS
30th May 2003

Dear Steve

NeSC Support for GridPP2

I write to support your proposal to PPARC for the continuation of GridPP funding.  I have, over the past two years as Director of NeSC had the opportunity to interact with many aspects of the GridPP project and I suspect with most of the teams working on it.  I have seen a well coordinated, enthusiastic team gaining considerable momentum while addressing the hard pioneering issues of building an R3 Grid, that is a Robust, Reliable and resilient Grid, upon which researchers in all disciplines can rely.  The data intensive and compute intensive challenges that motivate the GridPP are particularly demanding and therefore its contributions are of major importance.

I very much hope that GridPP2 will be funded and that we can enjoy more opportunities to work together.  In my role as a member of the EGEE Technical Advisory Board, and in my international role at GGF and with Globus, I have seen that the work proposed by this team is of crucial importance.  I believe that the goal of managing to make best use of the expected wealth of observational, experimental and simulation data is highlighted by particle physics, but is very widely applicable.  Indeed I expect that the technology you pioneer will have major relevance to collaborative diagnosis and treatment planning using medical image data.

In summary, I strongly support the proposed project, look forward to NeSC working with GridPP2, and wish you every success.

Yours sincerely

[image: image17.png]



Professor Malcolm Atkinson FRSE

Director National e-Science Centre

Cc: Tony Doyle
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� Throughout this document we use the term GridPP1 to refer to the current programme and GridPP2 to refer to the proposed programme from September 2004 to 2007. GridPP alone is use to refer to the whole 6 year programme or to the Collaboration itself.


� Hoffman Report (CERN/LHCC/2001-004)� http://cern.ch/lhc-computing-review-public/Public/Report_final.PDF.
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26/5/03: Added back in 1.2 FTE that previously was in WP6 area. This is Sansum and Saunders.

Not 16 because assume 2 FTE counted in testbed to production team
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Agree with TD (May 26th) that we would call this 4

Not 16 because 4 appear in Testbed to production team
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Traylen, Burke, Colling, Maroney, McNab

PC email 22/may

PC email 22/may
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Not 18 because Burke is in testbed to production team
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		D. Kelsey		PPD		0.100		RAL				DataGrid		WP6		Testbed

		B. Saunders		PPD		0.308		RAL				DataGrid		WP6		Testbed

		A. Samsum		eSC		0.800		RAL				DataGrid		WP6		Testbed

		S. Traylan		PPD		1.000		RAL				DataGrid		WP6		Testbed

		S. Burke		EUDG - WP8 topup		1.000		RAL				DataGrid		WP8		Testbed

		D. Colling		DGPP: WP6/WP1		0.500		Imperial				DataGrid		WP6		Testbed

		A. McNab		DGPP: WP6		1.000		Manchester				DataGrid		WP6		Testbed

		O. Maroney		DGPP: WP6		0.500		Bristol				DataGrid		WP6		Testbed
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		Summary		Managers		4.500

				Application Interface		17.000

				Data Management		2.000

				Data Storage		2.649		1

				Fabric Management		1.500

				Information + Mon		2.500		3

				Networking		2.400		7		1		EPSRC

				Workload Man.		0.625				2		EPSRC

				Security		1.145				2		EPSRC

				Testbed		5.208

				Tier-0		25.000

				Tier-1		8.657				3		CLRC

				Tier-2		2.000				2		Institutes

				GridPP1		GridPP1		GridPP2		GridPP2

		Managers		0.00		0.00		4.00		0.00

		Dissemination		0.00		0.00		1.00		0.00

		Application Interface		0.00		0.00		21.00		0.00		The 17 means Steve Burke counted in Testbed team

		Data Management		0.00		0.00		0.00		0.00		WP2 posts

		Data Storage		0.00		0.00		4.00		0.00

		External Data Storage		0.00		1.00		0.00		0.00

		Fabric Management		0.00		0.00		0.00		0.00

		Information + Mon		0.00		0.00		5.00		0.00

		External Inf +Mon		0.00		0.00		5.00		0.00

		Networking		0.00		0.00		3.50		0.00

		External NWK		0.00		0.00		4.00		0.00

		Workload Man.		0.00		0.00		2.50		0.00

		External WL Man		0.00		0.00		0.00		0.00

		Security		0.00		0.00		4.00		0.00

		External Sec		0.00		0.00		0.00		0.00

		Testbed -> Production		0.00		0.00		6.00		0.00		Operations Manager plus one from each Tier centre

		Tier-0		0.00		0.00		10.30		0.00

		Tier-1		0.00		0.00		16.00		0.00

		External Tier-1		0.00		0.00		3.00		0.00

		Tier-2		0.00		0.00		16.00		0.00

		External Tier2		0.00		0.00		4.00		0.00
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